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Strawberry Production in 
Southeastern Iowa as Influenced by 
Varieties, Fertilizers and 
Cultural Practices! 
By PHILIP MINGES , T. J. MANEY AND B. S. PIcKE'!Vr" 
For many years strawberries have been an important cash crop 
in southeastern Iowa, particularly in the vicinity of Montrose. 
Dunlap has been the leading variety grown. The crop has been 
marketed by a small but unusually well-organized cooperative 
association known as the Iowa Fruit Company of Montrose, Iowa. 
Several years ago the growers began to experience certain 
difficulties which materially reduced the value of their crop. 
Disease and drouth lowered yields. The soils devoted to 
strawberry culture began to show the effects of continuous 
cropping under the prevailing system of soil management. 
Prices fell to such an extent that receipts scarcely paid the har-
vesting and marketing expenses. The shipping quality of Dunlap 
became another factor. The berry was too soft to carry long 
distances and still maintain its attractiveness. N ~wer varietier, 
grown in other sections of the country had more buyer appeal 
on the markets. 
Since strawberry varieties show a special adaptation to cer-
tain regions, it is necessary to test the most promising in order 
to ascertain those most suitable for a given locality. This pro-
cedure entails an expense that most growers cannot afford. 
In regard to cultural practices, very little investigation had 
been done in Iowa. Other experiment stations that had re-
ported on fertilizer studies found their results were confusing 
and often conflicted among themselves. Also, whenever recom-
mendations have been made they have been confined to the 
area in question. Thus in order to determine the best practices 
for improving production it, was advisable, as in the case of 
varieties, to experiment locally. 
In 1934 the growers of Lee County requested the Iowa Agri-
1 Projects 409 and 410 of the Iowa Agricultural Experiment Sta tion. 
2 The authors gratefully acknowledge the cooperation of the Agricultural 
Exteneion Service of Iowa Sta te College and the Iowa Fruit Company, Inc. , 
of Montrose. Iowa. Drs. John Snyder and Philip Minges. who were succes-
sively in c harge of the fi e ld work. were jointly in the employ of the Agricul-
tura l Extension Service and the Agricultural Experiment Sta tion. The Iowa 
Fruit Company furnished the land. buildings and most of the la bor and h a n-
dled the local fin a nc ia l arr a ngements. including sale of the products. 
Both the Agricultural Extension Service and the Iowa Fruit company as-
sisted in promoting the annual fi e ld days and the a nnua l field meetings in 
which the r esults of the experiments were presented a nd plans for the work 
discussed. 
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cultural Experiment Station to assist them in solving theil-
problems. In response the Iowa Agricultural Experiment Sta-
tion, in cooperation with the Iowa Agricultural Extension Ser-
vice, the Iowa Fruit Company and the Lee County Farm 
Bureau, established a strawberry experimental field at Mont-
rose. The purpose of this project was to test new varieties for 
their adaptability to local conditions and to determine the most 
profitable cultural and fertilizer practices for strawberry pro-
duction, with special reference to southeastern Iowa. 
LITERATURE REVIE,W 
The literature concerning this problem falls naturally into 
two classes;' that dealing, first, with varieties, and second, with 
fertilizer and cultural practices. For clearness the second will 
be discussed under the following divisions: 
1. Nutritional studies 
2. Fertilizer field experiments 
3. Foreign literature on fertilizers 
4. Fertilizer recommendations 
5. Conclusions 
The literature on varieties consists largely of descriptions 
of varieties grown in the United States, The publications of 
Fletcher (15), T'aylor (37, 38) and Hedrick (20) are notable in 
this respect and are of inestimable value from the identification 
and systematic standpoint . . Darrow (10) in "Strawberry Va-
rieties in the United States" noted that varieties in general are 
rather limited in their adaptation to various environments. He 
pointed out that successful strawberry production in well-de-
fined districts was built up primarily by the selection of certain 
varieties adapted to climatic, soil, cultural and special condi-
tions. He further e*plained that the only sure method of se-
lecting varieties was to submit them to comprehensive tests 
under local conditions. His variety recommendations for Iowa, 
based on the experience of local growers and nurserymen, were 
Dunlap, Premier, Blakemore and Rockhill. He also suggested 
for trial, Dorsett arid Fairfax. In making selections, such fac-
tors as production, growth habit, sex-type, quality and size, 
color, season, disease resistance and special use should each 
receive careful consideration. 
Gardner (16) advised that new varieties should be tested for 
a period of several years before being recommended or dis-
carded, because some varieties take several ,seasons to become 
acclimated, while others give varying responses to seasonal con-
ditions. . 
The purposes of nutritional studies with the strawberry have 
been to determine the time when certain nutrient elements are 
~1 
needed and to acertain growth responses under various treat-
ments. Gardner (17) reported that" when moisture and tem-
perature are nov limiting factors, number of flower clusters, 
number of flowers and size of berries are dependent on nutri-
tive conditions within the plant the preceding fall and winter, 
and they are practically independent of soil fertility conditions 
during the spring and at time of fruiting." He added that 
"maximum production of flower clusters, flowers and berries 
was associated with those summer and fall treatments that led 
to the greatest accumulation of starch and carbohydrates at 
the time of fruit bud differentiation." Size of berry appears 
to be correlated with the number of pistils and the setting 
of these pistils, both of 'which are influenced by soil conditions 
the preceding fall and not by fertilizer treatments in the spring. 
When comparing sand cultures with soil cultures, Gardner 
(16) found that spring fertilizer treatments increased yields on 
the sand, but decreased the number of flowers and the yields on 
the soil cultured plants. 
Loree (25) experimented with various fertilizer treatmenti'l 
in potted sand cultures. He found nitrogen was the chief lim-
iting element. It was an important factor in promoting vege-
tative growth and in differentiating fruit buds. Phosphorui'l 
alone had little effect, but in combination with nitrogen in-
creased both vegetative growth and fruit production. Ammon-
ium sulphate gave higher yields than sodium nitrate, and acid 
phosphate was superior to mono-calcium phosphate. 
Loree (25) also made comparisons of spring, summer and sec-
ond spring applications both singly and in combination. He 
found that summer, spring-summer and spring-summer-spring 
applications of nitrogen and phosphorus gave the highest 
yields. Spring applications tended to promote runner forma-
tion; whereas with summer applications few runners were 
formed, but better development of the crowns took place with 
a subsequent increase in the number of flower clusters. Appli-
cations made in the spring of the fruiting year had no effect 
on the number of clusters of flowers, but caused better setting 
of the fruit and an increase in the size of the berries. 
Loree (25) made chemical analyses of plants from each set 
of treatments. His results showed that high production was 
associated with a high nitrogen and high carbohydrate con-
tent at the time of fruit bud differentiation. 
Although this work represents a comprehensive study under 
controlled conditions, it must be recognized that no soil cultures 
were used and that the results given here mayor may not prove 
reliable under field conditions. 
Whitehouse (45) used high, medium and no nitrogen nu-
trient solutions. He concluded that "fruitfulness is apparently 
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correlated with a balance between nitrogenous and carbohy-
drate materials in the plant at time of fruit bud differentia-
tion." He added that an intermediate ratio gave the highest 
number of clusters and blossoms per cluster. 
Long and Murneek (24) observed from their studies on the 
chemical composition of strawberry plants that the strawberry 
behaves much the same as a perennial, in that nitrogen and car-
bohydrate reserves are accumulated in the roots and stems dur-
ing the autumn, and these reserves are later more or less de-
pleted during the subsequent growing, fruiting and runner pro-
duction period. The depletion of the nitrogen reserves during 
the harvest and growing season meant, of course, that the sup-
ply must be replenished either from the nitrogen available in 
the soil or from nitrogen fertilizers. Fall applications of nitro-
gen apparently produced the optimum chemical conditions 
within the plant for subsequent maximal flower and fruit pro-
duction. 
Davis and Hill (13) in Canada studied the effects of excess 
and deficient amounts of nutrient elements on both sand and 
soil cultures. They found nitrogen to be most important in 
stimulating plant growth and yield, but that a proper balance 
must exist between the nitrogen and the mineral elements. 
Less nitrogen was required to maintain the proper balance in 
the soil cultures than in the sand cultures, which indicates that 
the amount of nitrogen already in soils used for strawberry 
production should in effect regulate the rate and time of nitro-
gen fertilizer treatments. They found (14) that fruit bud dif-
ferentiation depended to a large extent on a satisfactory bal-
ance between phosphorus and potassium. 
Macoun and Davis (27) used sand cultures in studying the 
relation of time of fertilizing the fruit bud differentiation. 
Their results substantiate those of Gardner and Loree. 
In England some nutritional studies were conducted by Wal-
lace (42). Using nutrient solutions on sand cultures, he found 
nitrogen to be the chief limiting factor, with phosphorus and 
potassium following in order. Potassium appeared to be neces-
sary for maintaining the plants in a healthy condition. Cul-
tures deficient in calcium were the most vigorous in growth 
and gave as high yields as the complete nutrient solution, which 
might indicate that this element is not a very important factor 
in strawberry nutrition. 
The tolerance of strawberry plants to soil acidity may be 
classed as a related subject to the problem involved, and be-
cause of its bearing on cultural practices the present status of 
acid tolerance will be briefly summarized. Morris and Crist 
(29), using nutrient solution cultures, found strawberries grew 
satisfactorily within a range of pH 5.0 to 7.0, with pH 5.7 to 6.0 
being the optimum. Waltman (43), working with sand and soil 
cultures and using solutions containing both ammonium and 
nitrate nitrogen, reported that pH 5.0 gave greatest yields, fol-
lowed in order by pH 6.0, 7.0, 8.0 and 4.0; pH 3.0 and 9.0 caused 
the death of the plants. Clark (7) using nutrient solutions in 
sand cultures with plants of Howard 17 (Premier), found that 
nitrogen in the form of nitrates produced the greatest growth 
at pH 4.7 but that ammonium solutions gave maximum total 
growth at a pH of 6.4 Darrow (9) explained that the acidity 
tolerance depends on the amount of organic matter in the soil. 
He stated that it will vary from a lower limit of pH 4.6 with 
7.5 percent organic to pH 5.8 when the organic content becomes 
as low as 1 percent. Morris and Crist (29) concluded, "The 
reactions commonly found in so-called 'agricultural soils' are 
probably per se not important limiting factors in strawberry 
production." But Shoemaker (32) stated that in some cases it 
might be advisable to make a light application of lime 1 year 
in advance of planting. 
The first field experiments with strawberry fertilizers were re-
ported by White (44) of New Jersey in 1892. Using the Sharp-
less variety on a sandy loam soil he fertilized the first spring with 
a mixture of 1,000 pounds kainit, 500 pounds ground bone and 
150 pounds nitrate of soda, supplemented the second spring with 
200 pounds per acre of nitrate of soda. The gain in yield due to 
fertilizing was 340 quarts per acre. He recommended the use of 
nitrogen in the second spring if there were sufficient mineral 
elements in the soil to balance the effect of the nitrogen. 
Bailey· (4) ran a series of cooperative fertilizer experiments 
on various soil types in New York, using different combinations 
of nitrogen, phosphorus and potassium obtained from different 
sources. He found that combinations of phosphorus and potas-
sium increased yields sufficiently to be profitable. Manures were 
helpful, although not superior to phosphorus and potassium. 
Nitrogen in the form of nitrate of soda proved unsatisfactorY. 
He concluded that other factors, such as moisture, tilth of soil, 
humus and cultural practices, exerted more influence on yields 
than fertilizers. 
Chandler (8) conducted a series of fertilizer tests on commer-
cial plantings in southwestern Missouri. Aroma was the princi-
pal variety grown. Nitrogen applied during the first growing 
season had little effect on yields in the succeeding year, but when 
applied in the spring of the fruiting year this fertilizer induced 
over-vigorous plant growth, with subsequent lowering of yields. 
Phosphates benefited yields in some years. He recommended 
tests on individual plantings before using phosphorus. 
Brown (6) in Oregon carried out experiments on two cummer-
cial plantings in which clover had been plowed under. Fertilizer 
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applications were made in the spring of the fruiting year. Nitro-
gen in two applications of 220 pounds each per acre, one early 
and the other just before blossoming, gave profitable increases in 
yields. Complete fertilizer and the combination N+K gave 
slight gains in yield. Applications of P+K and N+P proved 
injurious. 
An experiment in Louisiana with Klondyke, reported by Szy-
moniak (36), revealed that a complete fertilizer high in phos-
phorus gave greatest yields. In addition to increasing yields, 
phosphorus also improved size and firmness of the fruit and re-
duced the number of culls. 
In Ohio Shoemaker and Greve ' (34) ran nitrogen tests on Pre-
mier. They found that applications made in the spring of the 
bearing year lowered yields, considerably retarded ripening and 
in addition, caused softer berries, Fall applications, however, 
gave substantial increases in yields. Fertilizer applications in 
the spring of the second bearing year produced neither beneficial 
nor harmful effects. Whether this was due to the age of th~ 
plants or to a difference in seasonal conditions is unknown. Greve 
(18) in a later experiment combining nitrogen fertilizing with 
irrigation tests obtained the most favorable plant growth and the 
most blossoms per plant on the non-fertilized, non-irrigated plots. 
The nitrate of soda was applied at three different intervals during 
the growing year. 
Darrow and Waldo (11) working in 'North Carolina derived 
increases in yield up to 94 percent over the checks by use of both 
inorganic and organic nitrogen. Size of berries was materially 
increased by inorganic nitrogen. Small amounts of phosphorus 
and potasium had slight beneficial effects on size, quality and 
yield of fruits. 
Experiments testing the effects of nitrogen on sands and sandy 
loams were conducted in Alabama by Taylor (39). Ammonium 
sulphate, cottonseed meal and urea increased the number of fruit 
clusters and fruits. January or February applications proved 
most beneficial. 
Studies in Indiana by Ball (3), Baker (2) and by McCown 
(28) indicated that green manures and stable manures gave the 
most satisfactory results. Ball and Baker found that on fields 
of low fertility a fall or second spring application of 500 pounds 
of 2-12-63 may prove beneficial. Baker stressed the needs of or-
ganic matter in strawberry soils. 
Van Meter (40) in Connecticut conducted seven experiments 
testing various types of nitrogen carriers. His results showed no 
beneficial results from late summer applications of nitrogen fer-
tilizers . 
• Figures refer to the percentages of nitrogen, phosphoric acid and potash, 
respectively. 
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Results obtained by Lineberry and Mann (23) indicated that 
moderate spring applications of nitrogen increased total yields 
but had an injurious effect on earliness and shipping quality. A 
mixture of organic and inorganic nitrogen produced firmer beI-
ries than inorganic nitrogen alone. He concluded that, "the type 
of soil to which materials are applied is a potent factor in re-
sults. " 
In New Hampshire a set of comprehensive fertilizer experi-
ments extending over a period of 10 years were conducted by Lati-
mer and Wentworth (22). The varieties used in the tests were 
Howard 17 (Premier) and Senator Dunlap. Several different 
soil types were fertilized with various combinations of nutrient 
elements and farm manures. Manures at the rate of 20 tons per 
acre were undoubtedly useful for increasing yields. Phosphorus 
applications when in combination with nitrogen usually gave 
some benefit. Nitrogen and potassium, either alone or in combi-
nation, were in most cases injurious; although summer or fall ap-
plications were less harmful than either first or second spring 
treatments. It is important to note that the results of this ex-
periment received statistical treatment by which their signifi-
cance can be judged. 
Hartman, White-Stevens and Hoffman (19) conducted fertili-
zer tests on the fertile but acid Sassafrass silt loam, one of the 
main soils used for strawberry production on Long Island, New 
York. In their tests, spring application of nitrogen on bearing 
fields lowered yields. Nitrogen alone or in combination with 
phosphorus applied during the growing season did not prove 
beneficial. 
Whitehouse and Schrader (46) working in Maryland conduct-
ed several tests to determine the value of commercial fertilizers 
in strawberry production. They found that on fertile soils fer-
tilizers were of little value but that on poorer soils nitrogen appli-
cations help to obtain better stands and a better grade of fruit. 
Also on the poorer soils an application of complete fertilizer jn 
the fall may be beneficial and is preferred to a spring application. 
They agreed that the response of strawberry plants to fertilizers 
was often dependent on climatic conditions, particularly thll 
rainfall. 
In tests conducted on various commercial fields in Michigan by 
Peacock (30), fertilizers gave inconsistent results. However, 
these data indicate that on poor soils phosphorus and potassium 
may be beneficial if applied during the growing season. Also 
nitrogen applications appeared to be profitable if applied at the 
time of renovation after harvest. 
Since the literature pertaining to strawberry cultural practices 
in the United States presents such a mass of conflicting data, it 
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is now important to consider the results obtained by foreign in-
vestigators. 
Vercier (41) working in France conducted a series of fertili-
zer experiments on various commercial plantings, using inorganic 
and organic nitrogen, phosphates, potash, farm manures and 
vegetable moulds. He found phosphorus to be useful for increas-
ing yields. To some extent nitrates and potash were beneficial. 
He recommended the use of complete fertilizers, with supplemen-
tal applications of manures or composts when the soil was low in 
organic matter. 
Dyer and Shrivell (12) of England, after conducting field ex· 
periments over a period of 16 years, concluded that an annual 
dressing of 12 tons of stable manure per acre, supplemented by 
400 to 600 pounds of superphosphate and 200 pounds of nitrate 
of soda, gave good yields and should be used in preference to 
heavier applications of manure. Potash was found to be a very 
important element in strawberry production, but sufficient 
amounts seemed to be contained in the light application of 
manure. 
Knight and Wallace (21) at East Malling, England, tested the 
effects of manures and commercial fertilizers when applied at 
various periods. Ten tons of stable manure before planting, plus 
a complete fertilizer in the second spring, gave the highest yields. 
Potash appeared to be the chief limiting element of the English 
soils. They further noted a positive correlation between vigor of 
plants and resultant yields. 
In various localities throughout the United States where field 
experiments have not been conducted, the strawberry fertilizer 
recommendations usually have been based on the practices of the 
most successful growers. Since these practices are the result of 
many years of experimenting by the individual growers, a few of 
the recommendations will be given in order to bring out certain 
additional points. . 
In Florida, Brooks, Watson and Mowry (5) recommended a 
complete fertilizer made up of both organic and inorganic con~i­
tuents to be applied at the rate of 400 to 700 pounds per acre at 
each of the following periods: 
(1) 5-7-34 
(2) 5-7-54 
(3) 3-7-74 
10 days before planting 
at time of first bloom 
6 weeks after No.2 
Peck (31) in New York listed stable manure as the one best 
fertilizer for strawberries. He considered 20 tons per acre a 
good application under average conditions. 
The recommendations for Michigan, as given by Loree (26), 
• Figures refer to the percntages of nitrogen, phosphoric acid and potash, 
respectively. 
, 
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were 10 to 20 tons of stable manure applied before planting. In 
addition he advised the use of legumes in rotation with straw-
berries. 
Macoun and Davis (27) gave the following recommendation 
for Canada: 20 to 30 tons of manure plus 200-300 pounds so-
dium nitrate in September and 150 pounds sodium nitrate in 
April. In case of no manure, they advised a fall application of 
200-300 pounds muriate of potash and 200-300 pounds bone meal 
or superphosphate. 
Shoemaker (33) in "Small Fruit Culture" says, "It seems to 
be pretty generally agreed that there is no better fertilizer for 
strawberries than well-rotted manure, free from weed seeds. A 
good rate is' 10 to 30 tons per acre, according t.o the fertility and 
physical condition of the soil and the variety used." 
The reason for the conflicting nature of the results in the litera-
ture reviewed may be explained in a statement by Auchter and 
Knapp (1) : "The kind, amount and time of applying fertilizers 
necessarily vary in the different regions, depending upon such 
things as: kind of soil, natural fertility and moisture of the soil, 
amount of rainfall, market conditions, varieties, etc." 
Regardless of the confusion encountered, a few general obser-
vations may be drawn from this review of literature. 
1. Stable manure is at present considered the best fertilizer for 
strawberries. 
2. Organic matter or humus is a prime requisite of soil used 
for strawberry production. 
3. Phosphorus in most cases appears to be beneficial to yield 
and quality of fruit. 
4. Strawberries on sandy soils give positive responses to nitro-
gen fertilizers when applied either in fall, or spring of bear-
ing year, or both. 
5. Although nitrogen is generally the chief limiting nutrient 
element, nevertheless on heavy soils it must be applied with 
discretion. Applications in the spring of the bearing year 
are definitely injurious to yields, earliness of ripening and 
firmness of berries. 
6. Summer and fall applications of commercial fertilizers tend 
to give the optimum nutritive conditions for inducing fruit-
fulness. 
7. Strawberries tolerate the acidity found in most agricul-
tural soils. 
8. In many cases cultural and climatic conditions exert a far 
greater influence on strawberry production than fertilizer 
practices. 
9. A formula of 5-7-7 is about an average of the complete com-
mercial fertilizers recommended. 
EXPERIMENTAL 
PLAN OF INVESTIGATION 
The purpose of this investigation, as previously stated, was to 
test varieties and cultural and fertilizer practices with the view 
of improving strawberry production in southeastern Iowa. The 
project was organized along the following lines: 1. Test of va-
rieties; 2. comparison of fertilizing materials; 3. effect of various 
dates of application; 4. rate of application; and 5. tests of im-
proved cultural practices. . 
In order to satisfactorily cover the various phases of the inves-
tigation, eight experiments were arranged as follows in 1934: 
EXPERIMENT I. VARIETY TEST 
Twelve of the most promising varieties were selected for a com-
prehensive trial. Commercial fertilizer (5-7-7) was applied at 
the rate of 800 pounds per acre in spring of 1934 and again in 
fall of 1935. 
EXPERIMENT II. TESTS OF STANDARD FERTILIZER CARRIERS 
N, P and K carriers were tested singly and in different com-
binations. Stable manure, 20 tons per acre, was also included. 
The fertilizers were applied in spring of 1934 and again in fall 
of 1935. 
EXPERIMENT III. ODD VARIETY TEST 
A preliminary single plot test was made on 20 additional varie-
ties. 
EXPERIMENT IV. TIME OF FERTILIZER APPLICATION 
The treatments were: 
1. In spring at time of planting. 
2. In fall. 
3. In spring of bearing year. 
4. In split applications applied: one-third in spring; one-
third in summer; one-third in fall. 
5. Check. Except on the check plots commercial fertilizer 
(5-7 -7), 800 pounds per acre, was applied as indicated each 
year. 
EXPERIMENT V. EFFECT OF FERTILIZERS ON DIFFICRENT VARIETIES 
The varieties, Beaver, Blakemore and Premier, in paired plots 
were treated with applications of 800 pounds of 5-7-7 fertilizer 
for comparison with unfertilized checks. The fertilizer was ap-
plied in the spring of 1934 and in the fall of 1935, 1936 and 1937. 
EXPERIMENT VI. RATE OF FERTILIZER ApPLICATION 
Commercial fertilizer (5-7-7) was applied at the rate of 700 
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pounds, 1,500 pounds and 2,000 pounds to replicated plots, re-
spectively. These plots received one application in the spring of 
1934, none in 1935, one in the fall of 1936 and one in 1937. 
EXPERIJlfENT VII. MISCELLANEOUS TESTS 
Seven additional varieties, including three everbearing sorts, 
were given preliminary single plot tests. In addition, fertilizing 
materials generally sold under trade names and which include 
both organic and inorganic sources of nutrient- elements were 
given preliminary tests. Applications were made in the spring 
of 1934. 
EXPERIMENT VIII. COMPARISON OF COMMERCIAL FERTILIZER, STAIlLE 
MANURE AND GREEN MANURE 
The stable manure, 20 tons per acre, and the green manure 
were plowed under in the fall of 1934. The complete fertilizer 
(800 pounds of 5-7-7) was applied in the spring of 1935 at time 
of planting. The growing of the green manure crop caused a 
delay of 1 year in starting this experiment. 
Except where otherwise indicated, each treatment was repli-
cated five times. Untreated check plots were included in alJ 
instances. 
To facilitate testing of the validity of the results, each experi-
ment was laid out in the block-treatment design as outlined by 
Snedecor (35). In each block as many plots were laid out as 
there were treatments, and the number of blocks conformed with 
the number of replications. A rectangular plot, 1 rod by 2 rods 
and equal to .0125 (1/ 80) acre, was chosen as most suitable. 
This size allowed 4 rows of plants each 33 feet long. Alleys 4 
feet wide were left on all sides of a plot. The general arrange-
ment of the field is shown in fig. 1. Figure 2 shows the plots 
in more detail. 
LA'l'ER EXPERIMENTS 
Experimentation during the first 2 years indicated that addi-
tional information was needed with respect to the responses of 
particular varieties to modified fertilizer and cultural treatments. 
An additional acre of ground was leased on the north end of the 
plots. This soil was comparable in type and fertility to the rest 
of the soil in the plots. In the fall of 1935 a heavy crop of soy-
beans was plowed under, and in the following spring the ground 
was thoroughly disked and harrowed in preparation for planting 
experiment IX. 
EXPERIJlfENT IX. 
This experiment involved a type of factorial design in which 
five varieties, Blakemore, Premier, Dunlap, Dorsett and Fairfax, 
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Fig. 1. Plot arrangement for strawberry projects a t Montrose, I owa. 
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Fig. 2. General view of the experimental plots at Montrose, Iowa, during 
the summer of 1934. 
were tested in relation to thre manurial and fertilizer treatments. 
The treatments were: 1. Green manure alone; 2. green manure 
plus stable manure and 3. green manure plus 5-7-7 fertilizer. 
Three replications were used thus making a total of 45 plots. 
Along the edge of the experiment paired plot tests were made to 
test green manure against no green manure. The plots were the 
same size and dimensions as in previous experiments. One 20-
ton application of stable manure was applied before planting and 
thoroughly disked in. Two applications of 800 pounds per acre 
of 5-7-7 were made, one in the fall of 1936 and another in the 
fall of 1937. 
EXPERIMENT XI. 
In the southwestern corner of the field a small, paired plot-
spacing test was made on three different varieties. The spacing 
was done as advocated by Darrow (9) . The other plot in each 
pair was allowed to form a thick matted row. 
During the severe heat and drouth of the summer of 1936 many 
of the plants in the west half of the experimental field died. Due 
to this, experiments I, II, III and VIII were plowed up and new 
tests were begun in the spring of 1937. 
EXPERIlIl:ENT XVIII. VARIETy·SPACING T"ST 
A heavy application of manure was applied to the ground for-
merly occupied by experiment I and then plowed under. Six of 
the more promising varieties were used, each variety occurring 
twice in each block; one plot being spaced and the other allowed 
to form a matted row. There were eight replications. Single-
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row plots, 87% feet long equalling 1/120 of an acre, were used. 
EXPERIMENT XIV. VARIETY TEST--FERTILIZER TEST 
Four varieties that had not been previously tested in replicated 
plots were compared with the Blakemore in this test. In the 
same field, but with separate plots, a fertilizer test was made to 
compare the effect of three types of commercial fertilizer on Blake-
more. The fertilizers were ammo-phos (11-48-0), 240 pounds pel' 
acre; superphosphate (20 percent), 600 pounds per acre and 
5-7-7, 800 pounds per acre. Plots were laid out in single rows, 
132 feet long representing 1/80 of an acre. Five replications 
were used. 
EXPERIMENT XVI. MANURE AND FERTILIZER TEST ON BLAKEMORE 
The treatments were: 1. green manure; 2. top dressing of 
stable manure, 20 tons per acre; 3. ten tons stable manure plus 
800 pounds of 5-7-7 fertilizer; 4. check (no fertilizer). Plots 
were 1/80 of an acre in size with five replications of each treat-
ment. 
EXPERIMENT XVII. VARIETAL TEST INVOLVING THE SETTING OF RUNNERS 
In this test 9 varieties (table 13) were set out in two separate 
blocks. In one block the runner plants were tagged 1, 2, 3 and 
4, according to their respective positions in the runner series. In 
the second block the runners were tagged in regard to the date 
of their setting; that is, runners setting in June were tagged in 
order that they could be designated the following harvest season. 
Records were then taken on the yield and size of fruit from these 
individual plants. Although all plants not tagged were removed, 
each row of plants closely resembled the rows of good commercial 
plantings of the given variety. Thus it was possible to determine 
certain individual plant reactions under average field manage-
ment. 
SOIL TYPE AND CONDITIONS 
The soil of the 6-aere field selected for this investigation is 
designated in Soil Survey of Iowa, Report No.5, Lee County, as 
Buckner silt loam, which is potentially a fairly productive type. 
However, owing to continuous heavy grain farming for many 
years; the soil had been reduced to a state of relatively low fer-
tility. The soil acidity was corrected to some extent by an appli-
cation of limestone in the early spring just previous to the initia-
tion of the experiment. The lime requirement of samples taken 
in 1935 averaged about 2,000 pounds to the acre, which repre-
sents a degree of acidity approximating the optimum for straw-
berry production. It was believed that these conditions should 
give the various fertilizers the greatest opportunity to prove their 
value. 
The field ' was located on a gentle southern slope and was well 
drained except for a small area in the southwest corner of experi-
ment I. In the spring of 1935, a short, shallow, open ditch was 
dug to permit better drainage of this low area. 
During the first picking season a defect which materially re-
duced yields of two rows of plots in experiment II was discovered. 
An old road bed at one time extended across the field and had 
formed a hardpan. Although the road had been abandoned for 
more than 10 years and the ground had been under cultivation 
each season, the structure of the soil within this strip was still 
in bad condition. 
METHODS AND MATERIALS 
The varieties selected for trial consisted of some of those of 
recent introduction and others that had been successful in this 
and other districts. In the variety tests, Dunlap was taken as a 
standard for comparison. It was also the variety planted in the 
early fertilizer experiments. 
Tlte materials used in making the complete fertilizer were 
nitrate of soda, 20 percent superphosphate and muriate of potash. 
For experiment II the elements were applied per acre, as follows: 
260 Ibs. nitrate of soda . 
350 lbs. superphosphate . 
120 lbs. muriate of potash 
421bs. N 
311bs. P 
50 lbs. K 
The above fertilizers were applied strictly as called for. If 
the treatment was nitrogen, the application was 260 pounds of 
nitrate of soda; whereas, if the treatment was NP, 260 pounds of 
nitrate of soda and 350 pounds of superphosphate were applied. 
The 5-7-7 fertilizer was made up of: 
Nitrate of soda 
Superphosphate 
Muriate of potash 
Filler . . 
6251bs. 
7001bs. 
2801bs. 
3951bs. 
2,000Ibs. 
All the commercial fertilizers were broadcast along the row 
And worked into the soil. Any material which fell on the plants 
was brushed off in order to prevent burning. The spring appli-
cations were made about a week after the planting; the summer 
applications were made in late June; the fall treatments were 
applied in early August; and the second spring applications were 
made in the middle of April. 
On the manure plots well-rotted horse manure was used except 
for -the 1935 application in experiment II. In this case it was 
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necessary to use fresh horse manure, because well-rotten manure 
was not available. 
In experiments II, IX and XVI the manure was applied on 
the surface and worked into the soil. The first application was 
made at the time of planting and the second was made at the 
time of renovating the beds after the 1935 crop. In experiment 
VIII the manure was plowed under the fall previous to plant-
ing. 
Soybeans planted at the rate of 2% bushels per acre furnished 
the green manure crop. This crop was plowed under in October 
of the fall previous to planting. 
Except in experiment XIII the strawberry plants were set 100 
per plot, which allowed a spacing of 16 inches in the row. The 
rows were 50 inches apart. Unless otherwise stated the plants 
were grown in the matted row system of culture, since this was 
the standard practice of the district. Runners were set as they 
appeared. A mulch of 3 tons of wheat straw per acre was put 
on late in November. 
After the 1935 harvest the rows were "narrowed" and the 
plants thinned. Because of excessive rainfall during the 1935 
growing season runners were produced in such profusion that jt, 
was necessary to resort to thinning in order to keep the rows 
from becoming overcrowded. This was done by raking out the 
runners into the cultivated space between the rows, where they 
were then cut off with a roller disc attached to a horse cultivator. 
A major difficulty encountered in this investigation was that of 
taking accurate and suitable records. Because of their impor-
tance, the recording of yields received first consideration. Other 
data received consideration in respect to their importance. 
Yields were measured in quarts and tabulated on individual 
plot-record sheets. The totals for each picking were kept sepa-
rate to give additional information on ripening dates, produc-
tion peak and length of season. 
Size data were obtained at each picking by taking the count 
and weight of 1 quart of berries from each of the replicated plots. 
Size was expressed in grams per berry. 
Information on shipping quality was obtained by local storage 
tests and by shipping test cases to Ames for inspection and fur-
ther storage trials. Appearance and firmness of the fruit were 
the principal characteristics studied in these tests. 
Simple home canning tests were made on certain new varieties 
in order to obtain some information regarding their value for 
home use. The fruit was cold packed in pint glass jars. The 
tests were run in duplicate. Appearance and flavor were judged 
about 8 months after canning. 
Variety characteristics were described in detail on form sheets. 
In addition, pertinent observations were recorded on certain re-
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sponses and qualities exhibited by the varieties. In the fertilizer 
tests special attention was given to runner production, foliage 
responses and blossom set. 
Abnormalities caused by uncontrolled environmental agencies 
were noted and recorded in order to make proper allowances in 
analyzing results. 
WEATHER CONDITIONS 
The rainfall during the growing seasons is shown in table l. 
The drouth periods in 1934 and 1936, although severe, caused 
little disturbance in the results, except for the lowering of yields. 
On the other hand, they provided a good test for varieties in re-
spect to drouth resistance and provided an opportunity to ob-
serve superior cultural and fertilizer practices. 
The dry growing season of 1934 retarded runner formation, 
but sufficient plants were found to make good rows on all the 
fertilizer plots. A few of the weaker varieties were badly injured. 
The 1935 season was ideal with unusually cool weather and abun-
dant precipitation. The drouth of 1936 lowered the yields of 
that season, both by reducing fruit size and cutting the duration 
of the harvest period. The beds were also injured during the 
summer following harvest. Those most severely injured were 
plowed up in order to replace them with new experiments. Other 
plantings were left to test the value of fertilizers in aiding the 
plants to recover from adverse conditions. 
About normal conditions prevailed in 1937 and 1938, although 
it was apparent that irrigation or more rainfall would have been 
beneficial. 
STATISTICAL TREATMENT OF THE RESULTS 
All the experimennts that involved the use of replications were 
laid out in a design suitable for statistical analysis and interpre-
tation of the data. Analysis of variance was the principal me-
thod employed for testing the validity of the results. In some 
special cases other methods were utilized. 
The 5 percent and 1 percent levels of significance were applied 
to each analysis. The standard error of the mean difference was 
determined from the experimental error in the analysis of vari· 
ance and is designated either as "e" or difference necessary for 
significance. 
RESULTS OF THE VARIETAL TESTS 
The yields of the varieties in experiment I for the years 1935 
and 1936 are given in table 2. The analysis of these data is 
shown in table 2-a. As a result of the drouth of 1934 the plants 
of Beaver, Kanner King and Marshall failed to grow. This loss 
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TABLE 1. RAINFALL IN INCHES AS REGISTERED AT MONTROSE, IOWA, FOR 
THE GROWING SEASONS OF 1934, 1935, 1936, 1937 AND 1938. THE NORMAL 
RAINFALL FIGURES WERE TAKEN FROM THE U.S. WEATHER BUREAU 
REPORT FOR THE KEOKUK DISTRICT. THE RAINFALL FOR MAY 
. AND JUNE IS DIVIDED INTO TWO PE!UODS OF 15 DAYS EACH. 
Season Normal 
Period --------------- rainfall 
1934 1935 1936 1937 1938 
----------
April 2.69 2 .48 1.97 3.90 2.64 2.99 
---------
May 1-15 -- 3.36 2 .80 1.29 1.70 --
16-31 -- 3.68 .50 1.48 1.15 --
----------------------
Total for May 1.34 7 .04 3.30 2.77 2.85 3.93 
---------
June 1-15 -- 6 .27 .52 1.98 1.31* 
--
16-30 -- 2.49 . 80 3.99 
--
------------
Total for June 3.01 8.76 1.32 5.97 4.13 
---------
July 1.30 6.03 .00 3 .90 3.41 
---------
August 2.07 3 .97 .87 3.78 3.20 
---------
September 6.40 4.45 10 .31 1.75 3 .84 
---------
October 1.93 .60 1.80 1.33 2.26 
---------
Totals 18.74 33.33 19.57 23 .40 6.80 23.76 
*This indicates the conclusion of the tests at Montrose at the end of the harvest seaRon, 
June 10, 1938. 
TABLE 2. EXPERIMENT I. VARIETY ADAPTATION TESTS. THE YIELDS OF 
12 VARIETIES FOR TWO SEASONS. YIELDS EXPRESSED IN QUARTS 
PER . 0125-ACRE PLOTS AND IN 24-QUART CASES PER ACRE. 
Average of five replicated plots 
Variety 
Blakemore ............................................. . 
Premier. ____ .......................................... . 
Beaver ................................................... . 
Kanner King._ ...................................... . 
Dunlap. __ .............................................. . 
Narciss&. __ .............. _________ ._________ . ______ ..... _ 
Big Joo. __ .............................................. . 
DorsetL __ ............ _ .............................. . 
Fairfax. .................................................. . Aroma ____________ ._._._. __ _____ ___ ___ . _________ ____ ._._._ 
Gandy ............................... _ .................. . 
MarshaIL __ .................................. _ ...... . 
Difference necessary for significance.. 
1935 crop (1st season) 
Quarts 
per plot 
54.2 
36 .2 
35.2 
35 .6 
19.5 
26.0 
17 .5 
13 .2 
11.2 
11 .3 
Cases 
per acre 
180 
120 
117 
118 
65 
87 
58 
44 
37 
1936 crop (2nd season) 
Quarts 
per plot 
38.0 
48.1 
47 . 1 
38 .2 
27.3 
19.0 
34.3 
28.6 
26.3 
30.2 
21.1 
19 .7 
9 . 4 . 
Cases 
per acre 
127 
160 
157 
127 
91 
63 
114 
95 
88 
100 
70 
, 6(1 
- ~". . 
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TABLE 2-a. ANALYSIS OF VARIANCE OF PLOT YIELDS. 
1935 1936 
Source of variation ----------1-- --,----
TotaL .. _ ................................................ . 
Block"-.. __ .............................................. . Treatments ______ . _____________________ .. ___ ..... ___ .. . 
Error _____ .. _____ ... ____________________ ._._ ........ ___ .. _ 
**Highly significant (.01). 
Degrees of 
freedom 
44 
4 
8 
32 
Mean 
square 
100.6 
970.8** 
76.5 
Degrees of 
freedom 
59 
4 
11 
44 
TABLE 3. SIZE OF FRUIT IN GRAMS PER BERRY. 
Variety 1935 1!l36 
F a irfa"-..................................................... 8.96 6.90 
D orsett.......................... .......................... 7.42 7.62 
Gandy........ .............................................. 6.86 
Big Joe.................................................... 6.74 
Aroma .... :................................................. 6.87 
6.68 
6 .4.5 
Beaver. ___ _____________ . ____ .. ___ ._. ____ .. __ .. ________ .. ___ _ 6.37 
N arcis8a............. ..................................... 6.63 5.91 
Premier.................................................... 5.91 6.42 
Marsh"ll ................................................. . 6.14 
Blakemore. __ ........................................... 5.68 5.80 
Kanner King...... .................................... 5 .38 
Dunlap.................................................... 4 .55 
5 . 18 
5 . 47 
Mean 
square 
98.2 
486.6** 
54.5 
Average 
7 . 93 
7.52 
6.86 
6.71 
6.65 
6.37 
6.27 
6.16 
6.14 
5.74 
5.28 
5.01 
of Beaver and Kanner King probably can be attributed to the 
fact that the plants were received late, so they were not given a 
fair chance. The plants of Marshall were in good condition when 
set, but this variety apparently was not able to withstand the 
rigors of the drouth. 
Using the variety Dunlap as the standard for comparison, the 
1935 yields show Blakemore to be significantly higher than Dun-
lap, whereas Fairfax, Big Joe, Gandy and Aroma were much in-
ferior. In 1936, which was the second crop for all plots except 
those of Beaver, Kanner King and Marshall, the varieties Pre-
mier, Beaver, Blakemore and Kanner King gave hfgher yields 
than Dunlap. None of the other varieties show significant 
differences. 
Data showing the relative fruit size of the varieties in experi-
ment I are given in table 3. Each figure is an average of all the 
replicated plots over the entire picking season. 
Fairfax and Dorsett had the highest average size but were low 
in yields. Beaver and Premier had the best size of the higher 
yielding varieties. Small size, one of the main faults of the 
Dunlap variety, is shown by these data. 
Of the varieties given preliminary tests in experiments III 
and VII a few were selected as promising. These are shown in 
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TABLE 4. MISCELLANEOUS VARIETY YIELDS TAKEN FROM THE SINGLE 
PLOT TESTS. YIELD IN QUARTS PER .0125-ACRE PLOTS. 
SIZE IN GRAMS PER BERRY. 
Yield 
Variety Ripening season 
I 
Average si ze 
1935 1936 
Clermont Midseason 6** 52 8.55 
Big Late Late 35 22 5.48 
Rockhill 26 Everbearing 39* - 5.56 
(Wayzata) 
Mastodon Everbearing 39* - 7.37 
BeUmar Early 14** 49 6.46 
Red Heart Late 7** 23 7.36 
Klondyke Midseason - 19 4.80 
Catskill Midseason - 31.5 6.75 
*This figure represents only the June crop. In additIOn Wayzata produced 20 quarts in 
the f~ll of 1935, and Mastodon yielded 8 quarts. 
'*Clermont, B.Umar and Red Heart made poor growth in 1934, hence the small 1935 yield. 
table 4 along with their yields and size. The Clermont was in-
teresting because of its ability to maintain its size fairly uniform-
ly throughout the season. Big Late appeared to be one of the 
best of the late sorts. Catskill was a very attractive berry be-
cause of its size and color. These three were selected for future 
replicated tests. 
The Rockhill 26 (Wayzata) proved to be the best of the ever-
bearers tested at the field station, while Red Heart was consid-
ered the choice of all the varieties for use in home canning. 
The yields' of the five varieties tested in experiment IX are 
shown in table 5. The analysis of variance revealed significant 
differences in the producton of these varieties. In both years 
Fairfax and Dorsett show yields inferior to Dunlap, while in 
1938 Premier proved to be a better yielder than either Dunlap 
or Blakemore. The comparative size of the varieties is shown in 
table 6, and it can be seen that they hold the same relationship 
as they did in table 3. 
The results from the variety test in experiment XIV are given 
in table 7~ In this experiment Minnesota 103 yielded significant.-
ly higher than Blakemore, while the returns from Catskill and 
Culver were significantly lower than Blakemore and Big Late. 
Big Late in t.his treatment did very well for a late sort. 
Although experiment XIII was primarily a spacing test, the 
design was such that a valid comparison of the varieties could 
also be made. See tables 8 and 8-a. A statistical analysis of the 
yield data shows that Beaver and Premier were significantly 
more productive than Dunlap. Although only barely significant, 
Clermont and Blakemore also had a higher average than Dunlap. 
Dorsett was included in this test, but its yields were so low that 
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it was omitted from the table in order to obtain an experimental 
error appropriate for the analysis of the other data. 
Some information on the adaptability of nine of the more im-
portant varieties is given in tables 13 and 14. The variety aver-
ages are yields per plant. It is important to note that the va-
TABLE 5. EXPERIMENT IX. VARIETY- FERTILIZER TES1. THE YIELDS OF 
FIVE VARIETIES IN QUARTS PER .0125-ACRE PLOTS. 
A VERAGE OF NINE REPLICATIONS. 
Variety 1st crop 1937 season 2nd crop 1938 season 
Blakemore .... .................. , ................................... ..... . 47.20 59.00 
Premier. ______ .. _____ . ______________ .. __ __ __ ._._._._ .. ______ ._ .. _. __ __ ___ _ _ 4.7.10 70.10 
Dunlap ................................................ .. 44.70 56 . 30 
Fairfax .. ...................................... . 21.40 28.20 
Dorsett ......................................... .. 20.20 21.60 
Difference necessa-ry- r o-r-·8-jg-n-j-fic--a-n·-c-e.-.. -... -.. -... -.. -... -.... I 5.26 6.41 
TABLF. 6. EXPERIMENT IX. VARIETY- FERTILIZER TEST. AVERAGE SIZE 
(GRAMS PER BERRY) OF FIVE VARIETIES GROWN UNDER 
THREE FERTILIZER TREATMENTS. 
A verage size of fruit (9 plots)...,.1937 
Variety 
Fairfax.. ._. ________ _____ ._ .... ____ ____ ....... __ ................. __ ....... __ .. ___ ............ ______ ... . 
DorsetL .......................................................................................... .. 
Premier._ .. _. ___ ... ______ ._~_ .. ____ ..... _ .. _ ....... _ .. ___ ........... ____ . _____ .!"' ••••••• __ •••.•.••••....•.•••. 
Bl .. kemore._ ............................................................................................. .. 
Dunlap .. .. .. .... ...................... .. 
Difference necessary for significance ..................................................... . 
Aver~ge size of fruit Fertilizer treatments (15 plots}-1937 
Treatment 
Green manure alone .............................................................................. . 
Green manure and stable manure._ ...................................................... . 
~;:::e::en~::e:::r~:~7~;~:;~~::~~~~::::::: ::::::::: : :::::: : ::::::::::::::::::: : ::::: 1 
Grams per brrry 
6.77 
6 . 39 
5.69 
5.14 
5.04 
.393 
Gr .. ms per berry 
5 . 60 
5.92 
5.90 
.301 
()30 
TABLE 7. EXPERIMENT XIV. VARIETY TEST. 1938. YIELDS OF FIVE 
VARIETIES OF STRAWBERRIES, FIRST YEAR OF BEARING. 
YIELD IN QUARTS PER .0125-ACRE PLOTS. 
AVERAGE OF FIVE REPLICATIONS. 
Variety 
Minnesota 103. .. _ .................... ~.~.~ ....... ~ ....... ~ ....... ~ .. ~~ 
B lakem ore ....... ~ ....... ~ ... ~ ........... ~ ... ~ ... ~ ... ~ .......... ~ ~ ....... . 
B ig Late~ ~.~ ....... ~ ... ~ ... ~ ... ~ ... ~ ... ~ ... ~ ... ~ ... ~ .. ~ ~ .. ~~ ... ~ ...... ~~ .. '~ 
Culver~~._~ ~ .. ~ ..... ~ ... ~ ... ~ .~ .~ ...... ~ ... ~~ ... ~ .. ~~ .. ~~.~~~ ... ~ .. ~~ .. ~~ ... ~ 
Ca tsk ilL ~ .. ~ ~ ... ~ ... ~ ...... ~~.~ ~~.~~ ~ .. ~~.~ ~~.~.~.~.~.~. ~ .. ~ ~ .. ~~.~ ~ ~ .~~ ~ .. 
Difference necessary for significance. _____ __ __________ _ _ 
Quarts per plot 
55.00 
44.80 
41.00 
28.80 
28.20 
5.93 
Cases per acre 
183.0 
149.0 
137.0 
96 .0 
94.0 
19.7 
TABLE 8. EXPERIMENT XIIT. VARIETY-SPACING TEST. 1938. YIELDS OF 
VARIETIES IN SPACED VERSUS MATTED ROWS. YIELDS IN 
QUARTS PER .008 ACRE. EACH YIELD FIGURE IS 
AN AVERAGE OF EIGHT PLOTS. 
Variety 
Beaver _________ __________________ .... .. ___________ ._._. ____ _ 
Premier ___________ . ______ . ____ . __ __ . ____ _ .___ _________ " ___ _ 
Clermont~~ ... ~.~ ... ~ ... ~ ........... ~ ........... ~ ... ~.~.~~~ 
Blakemore ... ~ ............... ~ ....... ~ ... ~ ~~ ..... ~.~ ..... . 
Dunlap .. ~ ............ ~ ...... ~.~.~ .. ~.~ .. ~ .. ~.~.~.~ .. ~ ~ .. ~~ 
A verage _____________________ . ________ .. ______ . _______ .. ___ . 
Difference necessary for significance 
Spaced 
37.5 
35.4 
26.2 
24.9 
23.4 
29.5 
3.22 
Matted 
43.8 
39.0 
31.5 
32.0 
24.0 
34.0 
Variety average 
40.6 
37.2 
28.9 
28 .4 
23.7 
5.10 
TABLE 8-a. EXPERIMENT XIII. VARIETY-SPACING TEST . 1938. 
Analysis of variance 
Source of variation Degrecs of freedom Mea.n square 
-1-------------1------------
Total. _ .................. ~ .......... ~ .... ~ .............. ~ ............ ~ .. ~ ~ .. ~ ~ 79 
Blocks._ .... ~ ..... ~ ........ ~.~ .. ~ ... ~........................................ 7 
V arieties.~ ....... ~ ... ~ ....... ~.................. . . ... .... .. ... ............. . 4 
Treatments ..................................... ~... ..................... 1 
Interaction (variety" treatment) ........................ 4 
Error ._ .......................... ~ .. ~~ ........... ~ ... ~_.~ ... ~.~ ......... ~. ... 63 
**Highly significant (.01). 
132 
770** 
419** 
26 
52.3 
rieties with the highest yields per plant are the ones that have 
given the best yields in the other experiments. 
During the course of these investigations some miscellaneous 
information of interest was obtained from the data. In table 9 
the size of the berries at the successive picking dates for the 
season is given. Premier and Beaver tended to hold up better in 
size than Blakemore and Dorsett. Dorsett, in particular, dropped 
very rapidly in size. Table 10 gives some information on the 
number of fruit stalks, the bloom and percentage of fruit set of 
10 varieties. The figures indicating the percentage of set, al-
though taken from the data of one season, are considered to be in 
fair agreement with observations made in other seasons. The 
counts of the number of fruit stalks are averages of two seasons, 
and the counts were made on plants from 1-year- and 2-year-old 
beds. These data show that the higher yielding varieties gener-
ally form two or more fruit stalks. (Compare tables 2, 5 and 10.) 
All the varieties included in all the experiments for a period of 
4 years were grouped according to season of ripening. The 
yields of these groups were averaged on the basis of yield in 
quarts per .0125-acre plots. 
In general, early varieties are preferable provided they meet 
other requirements. The differences in yield as influenced by 
season of ripening are due, in a large part, to the length of the 
fruiting season, which in turn is determined to quite an extent 
by weather conditions. At Montrose, the advent of hot and often 
dry weather frequently cuts the season of late varieties rather 
short. It has been noted that some of the early sorts, notably 
Premier and Beaver, which are usually the first to mature, will 
continue to fruit as long as varieties that mature a week or more 
later. 
TABLE 9. SIZE IN GRAMS PER BERRY AS THE FRUITING SEASON 
PROGRESSED. 1936 AND 1937 RESULTS. 
Dorsett Beaver Premier Blakemore 
Picking - ----- - - - - ----- ---~1----wa7 1936 1937 1936 1937 1936 1937 
------------ - --------
I 11.4 9.3 6 .8 10.4 7.0 8 .2 9 . 5 9.2 
2 8.2 9 .7 9.0 9 .2 9.3 8.4 8 .4 9 .0 
3 5.6 8.6 9 .6 7 .7 6 .2 7.4 5 .4 6.9 
4 4.9 6.3 7 .2 6.5 5 .5 6 . 8 5 .3 5.1 
5 5 .0 5 . 8 4 .7 5 .3 5.4 4 .6 4.9 
6 4 .6 5 .9 4.8 5 . 5 4 .2 
7 4.7 5.4 5 .8 4 .3 4 .3 
TABLE 9-a YIELDS OF THE STRAWBERRY VARIETIES IN THE INVESTIGA-
TION GROUPED ACCORDING TO THE SEASON OF RIPENING. 
Season Number of 
varieties 
Early_. ___ ._________ . ___ . ____ . __ .... _._. _________ ... _ ... __ .__ 8 
Midsesson _______________________ _________ . __ . __ .________ 22 
Late ___ ___ .______________ . ________ . ___ ____ . ______ _________ .___ 8 
Quarts per 
plot 
48.0 
44 . 1 
24 . 1 
Cases per 
acre 
160 
147 
80 
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TABLE 10. NUMBER OF FRUIT STALKS PER PLANT; NUMBER OF FLOWERS 
PER STALK AND PERCENTAGE OF BLOSSOMS SETTING 
FRUIT ON 10 VARIETIES. 
A verage number Average number 
Variety of bloom 
frui t stalk. per .talk 
Wayzat ................................................... . 3.49 11.8 
Beaver. _______________ .. ___ ... _______________________ . _____ _ 2.93 8.3 
Dunl .. p ................................................... . 2.98 14.4 
Premier ________ . ___________ . ____________ .". __________ ."._ .. 2.75 12.6 
Bl .. kemore. __ .......................................... . 2.11 12.6 
N arcissa. _______ ________ ____________ .. ______________ .... _. 1.82 14.4 
Dorsett ................................................... . 1.52 10.3 
F .. irfax._ .................................................. . 1.35 13.7 
Catskill ................................................... . 1.00 16.4 
Clermont. ................................................ . 
DISCUSSION OF VARIETY TRIALS 
Percentage 
of 
set (1936) 
80 
78 
42 
92 
87 
70 
61 
90 
88 
90 
The data presented reveal that six varieties in one or more 
years were definitely more productive than the Dunlap. In no 
season were they inferior to Dunlap in yields. These six were 
Blakemore, Premier, Beaver, Clermont, Minnesota 103 and Kan-
ner King. Of these Blakemore and Premier were the most 
dependable. 
In addition to yield Blakemore showed other characteristics 
which increase its desirability as a commercial sort. Its plants 
are hardy, thrifty and able to withstand adverse weather condi-
tions. Runners are produced early and in abundance. The 
foliage is highly resistant to leaf spot and leaf scorch, two of the 
worst strawberry diseases. The fruit set is unusually good, aver-
aging around 85 to 90 percent. The significance of this figure is 
indicated by comparing it with a 40 to 50 percent set common on 
Dunlap. 
Blakemore, as an early season variety, satisfies the climatic 
requirements of the Montrose district. In addition it avoid., 
much of the competition from northern grown berries. This is II 
point of importance since most of the shipments from Montrose 
go north. 
The strong fruit stalks of this variety hold the berries off the 
ground, and little rotting of fruit occurs even during wet seasons. 
This characteristic also enables the picker to find and pluck the 
berries easily without bruising them. 
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The fruits ripen evenly and are regular in shape and size. 
Their light red color along with a glossy finish and medium green 
calyx make them very attractive in the box. Shipping and stor-
age tests revealed that this variety possessed the ability to carry 
well in transit and to maintain an attractive appearance after 
being placed on the market. Because of these qualities, Blake-
more brought a premium of 25 cents per case on the Montrose 
market each season the tests were in progress. 
The variety, however, is not without its faults. Although the 
first berries are large, the size decreases as the season progresses; 
consequently the last berries are rather small. Yet the season 
average is such that it may be classed with the other more pro-
ductive sorts. 
Blakemore is not a high-quality dessert berry. It is too acid 
and has too large a core, and from this standpoint it does not sat-
isfactorily fill the needs of the fresh fruit ' trade. However, this 
variety does possess certain qualities necessary in a good pre-
serving berry and is rapidly coming into use as such in many 
sections, throughout the country. Blakemore cannot be recom-
mended as an all-purpose variety, but it should be considered 
with regard to its market use. For those growers in the Mont· 
rose district and in other sections of Iowa who depend on outside 
markets for consumption of their crops, Blakemore appears to be 
the most satisfactory and dependable variety available. 
It should be mentioned that the Blakemore shows a yellow-
ing of the foliage which has been termed "yellows." Accord-
ing to Darrow (9) the Blakemore has inherited the trouble from 
one of its pnrents, the Premier. When first introduced the 
Blakemore showed no yellowing, which leads Darrow to be-
lieve that somewhere along the line sporting occurred which 
brought out the "yellows" strain. Observations at Montrose 
showed that this trouble could seriously decrease yields. In 
experiment IX (table 5) the yields of the Blakemore plots 
would have undoubtedly been higher had it not been for a 
moderate infestation of "yellows." At Montrose one grower 
has propagated a "yellows"-free strain of Blakemore which 
has never reverted in plantings set from this particular line. 
Fortunately it is now possible to obtain "yellows"-free plants 
from a number of sources, and only such plants should be used 
in establishing new Blakemore plantings. 
Premier possesses many of the desirable characteristics of 
the Blakemore, including resistance to leaf spot and scorch, 
hardiness and resistance to drouth, good set of fruit and ability 
to mature all of the fruits that set. Chief among its defects is 
its prostrate fruit stalk which allows the berries to lie on the 
ground, resulting in heavy rot infection during wet seasons. 
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The pickers have difficulty in removing the fruit without de-
capping and bruising it. Although not as firm in berry as 
Blakemore, and therefore, less desirable from the shipping 
standpoint, it is a marked improvement over Dunlap in this re-
spect. Notwithstanding its defects, Premier must be consid-
ered the second best commercial variety for southeastern Iowa 
It is important to note one characteristic of these two varie-
ties. Blakemore in nearly every test has out yielded the Pre-
mier in the first cropping season, whereas the varieties have re-
versed their placings in yield from the same beds during the 
second crop season. In other words the yield of Blakemore has 
decreased after the first crop while the yield of Premier has 
gained. This condition was observed in other plantations as 
well as at the experimental plots. A partial explanation of 
this condition may be found in the runner-producing abilities 
of these two varieties. Blakemore under normal conditions is 
a prolific plant maker, while in Iowa, Premier produces only a 
few plants; thus in the first season Blakemore is able to estab-
lish a good row and thus produce a better crop. In the second 
growing season the Premier by setting a few more runners 
makes a row with the optimum number of large plants, while 
the Blakemore has generally produced a row with too many 
plants. This crowding of the plants causes a great variability 
in their individual production. 
Of all the varieties tested, Blakemore and Premier are the 
only ones that satisfactorily meet the requirements of a com-
mercial variety. Judging from the data obtained and the ob-
servations recorded, many of the varieties although considered 
good in other sections of the country are not adapted to Iowa 
conditions. Low yields eliminate Fairfax, Dorsett, Aroma, 
Catskill, Culver, Klondyke, Gandy, Marshall, Chesapeake, Mis-
sionary, Narcissa and a few others. Lack of quality discredits 
Kanner King, Big Joe, Gibson and Clermont. Poor shipping 
quality is the chief objection to Beaver and Dunlap. Bellmar, 
although a rather prolific yielder, is not superior to Blakemore, 
and there appears no need for its use; furthermore, it has too 
large a calyx which takes up too much room in the box. Two 
of the recent introductions, Northstar, which was originated 
by the United States Department of Agriculture, and the Path-
finder, introduced by the New Jersey Agricultural Experiment 
Station, were carried in the test plots at Montrose for two 
years, but they did not appear to be adapted to conditions in 
southeastern Iowa. 
Big Late, the best yielder of the late group, might possibly 
have some use in commercial plantings. Big Late produces its 
best fruit at the time Blakemore and Premier are running 
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small in size. However, because of the short picking period of 
late varieties in most seasons, an unusually good price would 
be necessary in order to make a late variety profitable. Big 
Late is a pistillate variety and therefore must be planted with 
other varieties in order to insure pollination. 
Local trade and home use call for a different standard in the 
selection of varieties. Here the main requirements are excel-
lent flavor, a darker red color, attractive appearance and a long 
fruiting season. Yields and shipping quality are often of sec-
ondary importance. For home use a variety should require only 
a minimum amount of care in order to remain productive. Al-
though none of the varieties tested are perfect in the above re-
spects, several show promise. 
Beaver, the most prolific of the group, is a fruit of better than 
average quality, is large sized and will remain attractive in the 
store longer than Dunlap. It has a very long fruiting season as 
compared with other varieties; however, there is some ques-
tion as to the drouth resistance of this variety. It did poorly 
in the growing season of 1934, but this can be attributed partly 
to the late setting of the plants, May 15 as compared to April 
25 for the others. In 1936 the plants were able to produce a 
good crop, but most of the beds died out after the harvest sea-
son. Irrigation should be beneficial to this variety. It may be 
that Beaver should be grown only in northeastern Iowa where 
cooler and slightly more humid weather conditions prevail. 
Growers interested in selling only to local trade should give this 
variety a test. 
Dunlap can be recommended for home use because it possesses 
excellent quality and is a very easy variety to grow under 
the most adverse conditions. It can be used to some ex-
tent for local trade, but most storekeepers now prefer varieties 
that will hold longer. It must be remembered that Dunlap is 
very susceptible to leaf spot and scorch. Unless the vines are 
thoroughly sprayed each year, yields will be materially reduced. 
Narcissa, Catskill and Dorsett are not particularly high in 
yield but are outstanding in quality and flavor and in these re-
spects are desirable sorts for the home garden. 
Big Late, Fairfax and Red Heart are late sorts that can be 
used in the home garden. Big Late is the best yielder of the 
three. Fairfax and Red Heart have excellent quality and are 
two of the best preserving varieties as determined by tests. 
:F'airfax and Red Heart produce only medium crops, but where 
high-quality, late berries are desired these sorts should be con-
sidered. 
There is a reasonable demand for the so-called everbearing 
sorts. Of the four varieties observed under trial, Progressive 
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was definitely eliminated because of its small-sized fruit. Mas-
todon is satisfactory as far as size and yields are concerned, 
but its fruit lacks quality and is very irregular in shape. Rock-
hill 26 (Wayzata) and Gem are both promising. The quality 
and appearance are satisfactory, and both produce good fall 
crops when the season is favorable. One weakness of Rockhill 
26 (Wayzata) is its low production of runner plants. On ac-
count of this characteristic the plants are scarce and therefore 
expensive. 
CONCLUSIONS FROM VARIETY TRIALS 
1. Blakemore is considered the most satisfactory commer-
cial variety. Premier is given second place. 
2. Varieties recommended for local trade or home use in-
clude Beaver and Narcissa for early maturity and Catskill, 
Dorsett or Dunlap as midseason sorts. If late varieties are de· 
sired, Fairfax or Big Late may be tried. 
3. Rockhill 26 (Wayzata) and Gem are considered satis-
factory everbearing varieties. 
4. Early varieties as a class are the most prolific yielders 
and are best suited to the conditions of southeastern Iowa. 
RESULTS OF THE CULTURAL TESTS 
In making the preliminary study of the growers' problems 
prior to the initiation of the experimental tests, it was observed 
that most growers were allowing their strawberry rows to be-
come thickly crowded with plants. The practice was questioned 
at the time, but not until the drouths of 1934 and 1936 was it 
clearly demonstrated that some type of thinning would be ad-
visable. The results of the crowded rows in those years were 
small-sized fruits and low yields which were probably caused by 
intensive competition among the plants for nutrients and mois-
ture, not only during the harvest season but also in the previous 
growing season. That competition was the cause of low yields 
was indicated by the fact that practically all of the salable fruit 
was produced by the plants along the edge of the rows while 
the inside plants were practically fruitless. About this time 
Darrow (9) outlined his spacing program for Blakemore. With 
these facts in "mind, some thinning experiments were started in 
1936. 
A preliminary test was made (experiment XI) in which three 
plots were spaced according to Darrow's (9) recommendations, 
and three plots paired with these were allowed to set all runners 
that were produced. The 1937 results of this test, shown in 
tables 11 and 12, indicate that although spacing increased the 
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size and potential productivity of the plant as indicated by the 
number of clusters and blossoms, the spacing; of four plants to 
one mother plant was too drastic for the climatic and soil con-
ditions of this area. In 1937 a more comprehensive test was 
initiated using six varieties. In each of the eight replications, 
Fig. 3. A Bea ver pla nt showing m ethod of 
spacing tested in experiment XIII. Six or seven 
plants were set per mother pla nt. Such spaCing 
did not leave sufficient plants for m a ximum 
yields. 
each variety had a 
spaced and matted 
plot. The mother 
plants were set 20 
inches apart, an c1 
seven runner plants 
were set from each 
mother plant in the 
spaced row. 
Unfortunately the 
growing season was 
such that runners 
were not produced 
in profusion, so I:t 
heavy matted row 
was not formed in 
the check (matted) 
rows. Instead, ap-
. proximathely 10 to 
12 plants per mother 
plant were rooted in 
the heavier runner-
producing varieties, 
whereas the variety, 
Premier, had few 
more plants in the check plots than in the spaced rows. 
The rainfall during the 1938 harvest season was a little below 
normal, so some competition for moisture probably occurred. 
The results of the test (table 8) show, however, a slight advan-
tage in favor of the " matted" rows. The r esults from the 
second crop in experiment XI, table 11, also fail to indicate any 
response to spacing. 
In carrying out the operations connected with the spacing 
test, several interesting questions arose concerning individual 
plant r esponses. One question was how many plants in one run-
ner series were likely to grow into profitable plants; that is, 
will the fourth plant in the series yield as high as the first Y 
Another question was, how late in the season is it advisable to 
set runners, provided the row has not already been filled to the 
optimum 1 In order to answer, if possible, some of these ques-
tions, experiment XVII was set out in 1937. Nine varietie~ 
were used in order to study differences in variety responses. 
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The data from the test which indicate the effect of position in 
the runner series are gi.ven in table 13. All of the plants in this 
test were set before Aug. 30. The statistical analysis indicates 
highly significant differences in yield among the varieties and 
the plants in various positions in the runner series. The aver-
age yields given in grams per plant show the mother plant and 
the first and second runners to be significantly higher in yield 
than the third and fourth plants. 
The results from the study of runner setting dates are given 
in table 14. The runners for any given month were set from 
the first to the fifteenth of the month in order that there would 
be reasonable differences in growth. Again there were highly 
significant differences between the yield of the plants set in dif-
ferent months and in the yields of the varieites. The averages 
show that no differences resulted until after August, but the 
yields of September plants decidedly dropped, and the October 
plants were practically worthless. 
TABLE 11. EXPERIMENT XI. SPACING TEST. YIELDS OF PAIRED PLOTS 
COMPARING SPACED WITH MATTED ROWS. YIELDS IN 
QUARTS PER .0125-ACRE PLOTS. 
1937 first season crop 1938 second season crop 
Variety - ------,---
Matted I Spaced Matted Difference Spaced Difference 
---
Blakemore 42.5 47.0 -4.5 54.0 59.0 -5.0 
--------------
Dunlap 57.0 49.5 +7.5 68.0 65.0 +3.0 
------ ---
Narcissa 20.0 18.9 +1.1 34.0 36.0 -2.0 
--------
Mean difference +4.3 
-I -1.33 I e = 3.4 I e = 2.3 
TABLE 12. EXPERIMENT XI. SPACING TEST. 1937. NUMBER OF FRUIT 
STALKS AND NUMBER OF BLOSSOMS PER CLUSTER ON BLAKEMORE 
PLANTS IN SPACED AND MATTED ROWS. 
Row Number of A vrrage number Average number 
plants of stalks of blossoms 
per plant per stalk 
Spaced .................................................... . 36 2.58 11. 76 
Matted ................................................... . 46 1.98 9.34 
Mean difference .. ..... ............... ___ . ____ .... ___ . .60* 2.42* 
Standard error .... " ........ "" ... " ................ . .271 1.01 
*Significant (.05). 
" 
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Fig. 4. Typical matted row in late summer. Compare with fig. 5. 
Fig. 5. A modified matted row in late summer. Some thinning has been 
done to prevent overcrowdin~. The large plants remaining should produce 
maximum yields. 
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TABLE 13. EXPERIMENT XVII." YIELD OF PLANTS ROOTED IN NUMERICAL 
SEQUENCE IN A RUNNER SERIES. YIELD IN GRAMS PER PLANT. 
Variety No. of Mother 1st 2nd 3rd 4th Variety 
plants average 
---------
Blakemore 48 71.2 53.5 37.3 29 .5 41.2 46.5 
Premier 45 46.3 71.0 70.2 69.0 62.1 63.7 
Dorsett 43 27.0 22.5 24.2 19.1 2.8 19.1 
Narcissa. 43 41.8 25.7 17 .6 . 17.9 16.5 23.9 
Dunlap 44 71.3 56.8 50.9 43.8 .43.4 53.4 
Beaver 44 54.8 68.7 67.6 51.9 37.0 56.0 
Clermont 39 41.3 53.1 50.6 37.2 49.6 46.4 
Big Late 36 34.0 33.8 24.7 21.6 11 .0 25 . 0 
Catskill 37 58.3 45.6 47.0 36.9 29.5 43.5 
---------
Yield per plant (average) 49.6 48.0 43.3 36.3 32.6 
---
------
Difference necessary for significance 8.69 grams 11.65 
TABLE 13-a. PARTIAL SUMMARY OF TABLE 13. 
Mother 1st 2nd 3rd 4th 
Total No. plants .............................. 54.0 91.0 91.0 91.0 52.0 
Total No. fruits._ ............................. 582.0 840.0 692.0 602.0 353.0 
Total weighL .. _ ............................ __ . 2677.0 4339 .0 39S.~.0 3233.0 1947.0 
Weight per fruit .............................. 4.6 5.2 5.7 5.4 5.5 
Berries per plant .............................. 10.8 •• 9.2 
i'!!'"1If 
7.6 6.6 6.8 
DISOUSSION OF CULTURAL TESTS 
It is evident that the type of spacing as practiced in these 
experiments did not greatly increase yield. Apparently under 
nearly normal conditions 10 or more runner plants can be root-
ed per mother plant without decreasing yields. The records of 
the individual plants of different varieties given in tables 13 and 
14 show that varieties differ greatly in yields per plant. Since, 
in experiment XVII, the test was conducted in such a manner 
that a fairly good spacing of plants was secured, the data prob-
ably reveal what can be expected from plants in spaced rows. 
The spacing program should be studied with respect to the 
variety. Blakemore, for instance, may require more plants per 
given area of row to give a profitable yield than varieties such 
as Dunlap, Premier and Beaver. 
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For Iowa a modified type of matted row is recommended. 
Runner plants should be spaced about 5 inches apart to prevent 
crowding. In seasons of moderate runner formation few plants 
need be cut out until late in the season. If a fairly good row 
has been established by late August, it will probably pay to cut 
off the September and October runners. If, on the other hand, 
runner plants are produced profusely, undoubtedly some means 
of thinning must be practiced as soon as sufficient plants have 
become rooted. The results of the experiments in Iowa to date 
will not permit more specific recommendations. 
The results from the runner-setting experiments in table 13 
indicate that all of the plants in the runner series will produce 
some fruit, but that it is better to use only the first two plants 
in the series unless a scarcity of runners occurs. It is evident 
TABLE 14. EXPERIMENT XVII. YIELD OF RUNNER PLANTS BASED ON TIME ' 
OF ROOTING. YIELD IN GRAMS PER PLANT. 
Variety No. of plants June July Aug. Sept. Oct. Variety 
harvested average 
---------
Blakemore 33 - 55.4 63.8 42.4 7.0 42.15 
Premier 46 59.4 54.2 57.5 59.0 18.9 49.80 
Dor.ett 22 8.5 24.3 - 19 . 2 21.0 18.25 
NarcissR 44 37.8 43.5 25.9 13.1 2.0 24 .46 
. 
Dunlap 41 93.5 72 . 9 73.5 39 .5 3.2 56.52 
Beaver 39 74.0 85.2 71.0 50.4 26.0 61.32 
Clermont 41 61.3 75.9 60.2 71.9 19.0 57.60 
Big Late 39 31.0 53.3 63.3 32.3 3.6 36.70 
Cat.kill 27 61.0 72.6 57.5 34.9 10.0 47.20 
- ------------
Yield per plant (average) 53.3 59.7 59.1 40.3 12 . 3 
---------
Difference necessary for significance 12.9 grams 17 . 3 
TABLE 14-a. PARTIAL SUMMARY OF TABLE 14. 
June July Aug. Sept. Oct. 
Total No. plant •.. "." ......... " ........ " .. 29.0 79 . 0 69.0 85 . 0 70.0 
Total No. fruitB.-"" ."""."""""""." 320.0 1036.0 830.0 669.0 141.0 
Total weighL __ "".""."" ... " .. "" .. " .. 1481. 0 4674.0 4093.0 3385.0 792.0 
Weight per berry._"""""""""".""" 4.6 4.5 4'.9 5.1 5.6 
Berrie. per plant.."."""""""""""". 11.0 13 . 1 12.0 7.9 2 . 0 
~ 
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that the third and fourth runners in a series were rooted 
slightly later than the first or second runner plants. However, 
in view of the results of the test on the date of runner rooting, 
the difference in yield due to this should not be great, because 
all of the plants were rooted by the end of August. In experi-
ment XVII, runners rooted in August were able to produce as 
good yields as those rooted earlier. However, plants taking 
root in September and October were definitely lower in yield-
ing capacity. It should be the aim of the grower to try to es-
tablish his stand of plants by the middle of August. If the sea-
son has been adverse to runner production, it will be advisable 
to let some plants set in September, but only in rare cases 
should October plants be allowed to grow. October plants sel-
dom form fruit stalks, therefore, in effect they act as weeds. 
CONCLUSIONS FROM THE OULTURAL TESTS 
1. Excessive spacing and thinning is not desirable under 
southeastern Iowa conditions. 
2. A practice for establishing satisfactory strawberry beds 
in Iowa is recommended as follows: 
(a) Set mother plants about 24 inches apart in the row, ex-
cept for Premier. . 
(b) Space the runner plants to form a good row about 18 
to 20 inches in width. Keep a space of 5 or more inches 
between plants. This will permit 10 to 15 runner 
plants per mother plant or about 5 to 7 plants per foot 
of row. 
(c) Set runners as early as possible in the summer. Sep-
tember and October plants should not be used unless 
absolutely necessary. 
(d) Use the first or second runner plants in the series. 
(e) After a desirable row is established, prevent super-
fluous runners from rooting. 
(f) In order to produce comparable yields, Blakemore, 
Dorsett, Fairfax and Catskill require more plants per 
foot of row than Dunlap, Beaver and Premier. 
(g) Premier is a weak runner producer in most seasons, 
and its plants should be set about 18 inches apart in 
the row. 
PRESENTATION OF FERTILIZER RESULTS 
Dunlap, the main variety used in the first set of fertilizer 
tests, came through the 1934 drouth on all plots. Consequently 
the beds were in good condition for the 1935 fruiting season. 
However, after renovation of the patch the heavy summer rains 
caused such profuse growth of runners that the rows became 
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overcrowded, even with late fall attempts to rake out and cut 
off the superfluous runner plants. The effects of the overcrowd-
ing were heightened by the severe drouth of 1936. 
The beds in experiment IX, although set out in 1936, were 
brought through the season successfully. In this test and in 
the fertilizer experiments set later the modified matted row 
system was used. The runner plants were set with care in order 
that they would be well distributed in the row. Blakemore was 
the variety used in the fertilizer tests started in 1937. 
The results from the test on fertilizer carriers are given in 
table 15. As previously stated, 10 of the plots on the north end 
of this experiment were seriously affected by an old road which 
had once traversed this section of the field. Therefore the data 
were analyzed using only the plots not affected. 
The errol' in table 15 is the standard error of each mean, not 
the error of the mean difference as in the other tables. The 
1935 yields show that stable manure produced significantly 
higher yields than the check plots. The phosphorus plots show 
some increase over the checks, but the variability within the 
treatments was too great for this difference to be reliable. 
In the fall of 1935 all plots were again fertilized according 
to their respective treatments. The 1936 data reveal no sig-
nificant differences, but a study of the yields shows that plots 
receiving phosphorus were all higher than plots without it. 
Phosphorus gave a mean increase of 2.35 quarts per plot over 
the check. The standard error was 1.63. This increase in yield 
TABLE 15. EXPERIMENT II. TEST OF FERTILIZER CARRIERS. 1935 AND 
1936 YIELDS IN QUARTS PER .0125-ACRE PLOTS. 
Number 1935 first season crop 1936 second season crop 
Treatment of 
plots Standard error Standard error 
Yield of mean Yield of mean 
Stable man ure 4 72 .7* 2.64 47.0 2.68 
N-P-K 3 63 . 0 3.04 48.0 3.10 
N-P 5 57.0 2.36 47.4 2.40 
N-K 5 60.8 2.36 45.0 2.40 
P-K 3 51.6 3.04 49.7 3.10 
N 4 59.2 2.64 43.8 2.68 
P 4 66.7 . 2.64 49.2 2.68 
K 3 52.8 3.04 47.3 3.10 
Check 4 59.7 2.64 43.5 2.68 
*Significantly different (.01) from cbeck. 
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was not significant, but it may indicate a trend in favor of the 
phosphorus. 
The plots in experiment IV, the test on time of application of 
commercial fertilizers, were fruited for 4 years. The results 
are given in table 16. The spring application in this test was 
applied early in April of each fruiting season. In 1935 this 
spring application was definitely injurious to yields. Other 
time of application treatments also failed to give significant in-
creases over the check. The 1936 and 1937 results revealed no 
significant differences, but in 1938 all plots receiving fertilizer 
supplement within the past year-gave significant increases over 
the check. 
Experiment V was designed to determine if varieties reacted 
differently to fertilizers. The experiment was arranged so that 
individual paired plot tests could be made (see fig. 1). The 
mean differences with their standard errors of these paired tests 
are given in table 17. A minus sign indicates the checks out-
yielded the fertilized plots. In order to find the difference neces-
sary for significance, multiply the standard error by 2.77, and 
for high significance (I-percent value), by 4.60. The data show 
that in 1937 the fertilizer helped Premier, and in 1937 it in-
creased the yield of Blakemore. 
The results of 4 years with experiment VI, table 18, indicate 
that little is gained by increasing the rate of fertilizer applica-
tions, except possibly when adverse conditions have consider-
ably weakened the plants, as is evidenced by the 1937 yields. 
In this season the plants responded to applications · of 1,500 
TABLE 16. EXPERIMENT IV. TEST OF TIME OF APPLICATION OF COM-
MERCIAL FERTILIZERS. YIELDS IN QUARTS PER .012.'>-ACRE PLOTS. 
AVERAGE OF FIVE REPLICATIONS. RESULTS OF 4 YEARS. 
EIGHT HUNDRED POUNDS OF 5-7-7 FERTILIZER 
APPLIED PER ACRE. VARIETY-DUNLAP. 
Year and crop Check 
1 before 
planting 
1935-6rst 64.9 65.6 
1936-second 45.0 50.1 
1937-third 48.1 45 .8 
1938-fourth 42.2 44.6 
Average of 4 crops 50.5 51.5 
Cases per acre 168.0 172.0 
*Sign.i6cant difference (.05) over check. 
**Highly significant difference (.01) over check. 
Applications 
------
1 each 3 each 1 each 
fan year spring 
---
72.3 70 .8 52 .8** 
49.5 47.2 42 .5 
54.5 58.3 53.3 
51.4* 51.0* 57 . 0** 
---
56.9 56.8 51.4 
190 . 0 189 .0 171.0 
Difference 
necessary 
for 
significance 
8.2 
7.8 
10 . 1 
9.1 
8.8 
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pounds and 2,000 pounds applied in the previous fall after rains 
had again started growth. 
The results for 1 year with experiment VIn are given in 
table 19. A glance at the data shows that nothing was gained 
by any of the treatments. The commercial fertilizer plots, on 
the other hand, show a loss which lacks a little of being signifi-
cant. 
After the poor showing of tha fertilizer experiments in 1935, 
the question arose concerning the adaptation of strawberries to 
the particular soil conditions of the experimental field. Possi-
bly soils that had previously produced good yields of strawber-
ries would respond differently. With this in mind, a suitable 
commercial plantation on same soil type was selected. This 
planting had been set out to Premier in the spring of 1935. Ten 
.0125-acre plots were laid out for a paired test in an arrange-
ment similar to that in experiment V. Commercial 5-7-7 fer-
tilizer at the rate of 800 pounds per acre was applied to one 
plot in each pair on Aug. 9, 1935. The results of this test are ' 
shown in table 20. The fertilizer had a definitely injurious ef-
fect on yields. Since no Premier plantings were made at the 
experimental field in 1935, this test also gave an opportunity 
to study the effects of fertilizer on this variety when growing 
conditions were more favorable. The results indicate that as 
far as Premier is concerned the effect of fertilizers on yield is 
practically the same whether the plants are grown during a wet 
or dry season. 
TABLE 17. EXPERIMENT V. TEST OF EFFECT OF COMMERCIAL FERTILIZER 
ON THREE VARIETIES. DATA GIVEN AS MEAN DIFFERENCES BETWEEN 
PAIRED PLOTS. THE FERTILIZED PLOTS RECEIVED SOO POUNDS OF 
5-7- 7 IN FALL OF EACH YEAR INCLUDING THE YEAR OF PLANT-
ING. CHECK PLOTS RECEIVED NO FERTILIZER. MEAN 
DIFFERENCES IN QUARTS PER .0125-ACRE PLOTS. 
FIVE REPLICATIONS. 
1935 1936 1937 1938 
V" riety ----- - ------- - --- - - - ---
Mean Sta nd- M ean Stand- M ean Stand- Mean Stand-
diff- ard diff- ard diff- ard diff- ard 
erence error erence error erence error erence error 
------ ---------------
Blakemar~ + 5 .05 6 .96 - 2. 90 4 .590 + 2.5 2. 01 +10. 2* 3 . 53 
Premier - 0 .S5 S.16 -1.75 .913 +19.4** 3. 25 + 6.6 2 .S0 
Beaver - - -0.95t 6 .400 - - - 2. 8t 10 .90 
tBeaver was replanted in 1935 and 1937. The Blakemar~ and Premier beds were fruited 
far the 4 years. 
*Significant (. 05) . 
**Highly significant (.01). 
TABLE 18. EXPERIMENT VI. TEST OF RATE OF APPLICATION OF COM-
MERCIAL FERTILIZERS. COMPOSITE OF RESULTS FOR 4 YEARS. 
YIELDS IN QUARTS PER .0125-ACRE PLOTS. AVERAGE OF 5 
REPLICATIONS. VARIETY·-DUNLAP. FERTILIZER-5-7-7. 
5-7-7 fertiJizer applications Difference 
Year and crop Check necessary for 
700 lbs. 1 ,500 lbs. 2,000 lb •. ~ignificance 
1935-first 55.6 53.2 55.3 50.5 11. 5 
1936-second 40.7 40.1 40 . 6 47 . 5 6.5 
1937-third 33.7 38.5 44.4· 49 .3- 7.0 
1938-fourth 35.8 41.4 42.6 43.2 13.7 
A verage of 4 years 41.4 43.3 45.7 47.6 11.4 
·Highly significant (.01). 
TABLE 19. EXPERIMENT VIII. YIELDS OF PLOTS RECEIVING STABLE 
MANURE, GREEN MANURE AND COMMERCIAL FERTILIZER. 
1936 YIELDS IN AVERAGE NUMBER OF QUARTS PER 
5 REPLICATED .0125-ACRE PLOTS. 
Variety-Dunlap 
Treatments 
Check. ........................................................... .. 
Stable manure (10 tons) .............................. .. 
Green manure ____ __ ______________________________________ ... _._ 
5-7-7 fertilizer (800 lbs. per acre) ............... . 
Difference necessary for significance. _____________ _ 
First crop 1936 
49.4 
52 3 
46.6 
43.0 
6 .8 
TABLE 20. YIELDS OF TREATED AND CHECK PREMIER PLOTS AT THE LEE 
DAVIS PLANTATION, MONTROSE, IOWA . FERTILIZED FALL OF 
1935 WITH 5-7-7 (800 POUNDS PER ACRE) . 1936 YIELDS 
IN QUARTS PER .0125-ACRE PLOTS. 
Pair Check Fertilized Difference 
1 36.5 30 .0 -6.5 
2 34.5 32.5 -2 .0 
3 33.0 28 .5 -4.5 
4 40.0 37.2 -2 .7 
5 36 .2 36.2 0 .0 
Mean 36.0 32.9 3.15* 
.Significant (.05). 
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The results of experiment IX are shown in table 21. In 1937 
both stable manure and 5-7-7 fertilizer gave highly significant 
responses. On an acre basis the stable manure increased the 
yield about 50 cases per acre; the fertilizer gave an increase of 
45 cases. The 1938 yields show a significant response to the 
manure, but not to the commercial fertilizer. Since no manure 
was added after the first application, this small increase of 
about 15 cases per acre shows that the effects of the manure in 
this test carried over for a 2-year period, while even a second 
application of 5-7-7 had no effect. 
Since the yields of Dorsett and Fairfax are small, their re-
sponse to fertilizers and manures are correspondingly low. 
Thus when these varieties are eliminated from the comparison, 
the 1937 average increase of the top three varieties would then 
represent approximately 65 cases per acre. 
The individual varieties show differences in response. Dun-
lap was greatly benefited in both years; Premier showed some 
response each year; while the yield of Blakemore in 1938 was 
lowered to some extent by both manures and fertilizers. 
The mean differences of the paired plot tests made in con-
nection with experiment IX are given in table 22. The data 
show that with the varieties as a group, green manure alone did 
not increase yields over no green manure. Stable manure gave 
just as high yield when used alone as it did when applied in 
connection with plowed under green manures. Lime did not 
improve or injure strawberry plants in their ability to yield. 
There seems to be some difference in varietal response to green 
manures as indicated in table 22-a. 
There are no significant differences in the treatment included 
in experiment XIV, table 23, although it can be said that none 
of the treatments was injurious. 
While the means of the treatments in experiment XVI, table 
24, show that the manurial treatments increased yield to some 
extent, the variability within the plots was so great that the 
differences cannot be properly ascribed to the effects of the 
treatments alone. Some of this variability no doubt was due to 
the poor stand in some plots. It is of interest that the combina-
tion of manure and 5-7-7 fertilizer gave the highest average. 
This combination had not been tried before, and from this result 
it probably should be tested more thoroughly. 
In only one instance did fertilizers significantly improve the 
size of strawberries. In 1936 in experiment II phosphorus gave 
a response as shown in table 25. Commercial fertilizer (table 
25) and manure (table 6) also increased the size of the berry 
in the experiments concerned, but the variability of the ob-
servations was too great to rely on the validity of the results. 
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TABLE 21. EXPERIMENT IX. VARIETY-FERTILIZER TEST. COMPARISON 
OF THREE FERTILIZER TREATMENTS FOR TWO SEASONS. 
YIELDS IN QUARTS PER .0125-ACRE PLOTS. 
AVERAGE OF THREE PLOTS. 
1937-First season production 
Variety Green manure Stable manure 5-7-7 
1----------11----------1----------
Blakemore........................................ 37.3 
Premier.. .................................................. 35.3 
Dunlap.................................................... 30.8 
Fairfax...................................................... 14.3 
Dorsett.................................................... 15.3 
Average ................................................... l 26.6 
Difference necessary for significance-4 . 07 
50.2 
57.0 
56.8 
23.8 
2l.0 
41 8** 
1935-Second season production 
Variety Green manure Stable manure 
Blakemore ............................. . 
Premier ... ___ .... ____ ....... __ ......................... __ ._ 
Dunlap ................................................... . 
Fairfax .. ___ ... _____________ ...... ___ ...... ___ .............. . 
Dorsett ...... ............................................. . 
I Average .... ___ ... __ . ___ ....... ___ ...... __ ........ ___ .. "' __ 1 
Difference necessary for significance-4. 90 
*Significant (.05) 
63.7 
70.7 
46.3 
24.7 
2l.0 
45.2 
Note: Refer to table 5 for variety averages. 
56.0 
74.7 
65.3 
32.7 
24.3 
50.6* 
**Highly significant (.01) 
TABLE 21a ANALYSIS OF VARIANCE. 
53.3 
48.8 
46.5 
26.0 
24.3 
39.9* 
5-7-7 
57.3 
65.0 
57.3 
27.3 
19.3 
45.2 
Degrees of 
freedom 
Mean square 
Source of variation 
TotaL...................................................... 44 
Blocks ..................................................... . 
V arieties .. _._._ ...... _. __ . __ ~ __ . ___ .. __ .. __ .... _._._ .... . 
Treatments ............................................. . 
Treatment x variety interaction ......... . 
ErroT ......... __ ..... __ ............ ___ .... ......... ___ . ____ .. 
*Significant (.05) 
**Highly significant (.01) 
2 
4 
2 
S 
28 
1937 
46 
1767** 
1023** 
64 
30 
1938 
23.5 
3972.0** 
142.5* 
80.2 
44.1 
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TABLE 22. EXPERIMENT IX. PAIRED PLOT TESTS WITH GREEN MANURE, 
STABLE MANURE AND LIME. RESULTS GIVEN IN MEAN DIFFERENCES 
BETWEEN THE TREATED AND UNTREATED PLOTS WITH THE 
UNITS IN QUARTS PER . 0125-ACRE PLOTS. 
Number 1937 1938 I 
Treatment comparisons of 
pairs Mean Standard Mean Standard 
difference error difference error 
Green manure VB. no green manure 10 -2.0 2 .80 +2.60 11.06 
Stable- manure without green 
manure, VB. no treatment 4 +5.25* 1.26 +8.66- 2 .94 
Hydrated lime (1,500 Ibs. per acre) 
VB. no lime 6 +1.54 2.90 -2.10 5.30 
-Significant (.05). 
TABLE 22-a. EXPERIMENT IX. DIFFERENCES IN YIELDS OF BLAKEMORE 
AND PREMIER UNDER GREEN MANURE AND NO GREEN MANURE 
TREATMENTS. COMBINATION OF 1937 AND 1938 DATA. 
RESULTS GIVEN IN MEAN DIFFERENCES BETWEEN 
THE TREATED AND UNTREATED PLOTS 
WITH THE UNITS IN QUARTS PER 
.0125-ACRE PLOTS. 
Variety 
Blakemore. __ .......................................... . 
Premier ................................................... . 
*Significant (.05) 
Number of 
plots 
6 
4 
Mean 
difference 
-3 .75 
+16.40* 
Standard 
error 
2.84 
3 .82 
TABLE 23. EXPErlIMENT XIV. YIELDS WITH THREE TYPES OF 
FERTILIZERS. 1938 YIELDS AVERAGED FROM FIVE 
REPLICA TED .0l25-ACRE PLOTS. 
Variety-Blakemore 
Treatment 
Cb.ck. ...................................................................... . 
Ammo-phos (240 Ibs. per acre}. ___ ...................... . 
Superphosphate (600 Ibs. per· acre} .................... .. 
5-7-7 (700 Ibs. per acre} ...................................... .. 
Difference necessary for significance-5. 5 quarts 
Planted 1937 
Quarts per plot 
44.8 
43.7 
47 .5 
49 .5 
Cases per acre 
149 
146 
158 
165 
C>50 
TABLE 24. EXPERIMENT XVI. YIELDS WITH VARIOUS TYPES OF 
FERTILIZERS. YIELDS FOR 1938 AVERAGED FROM FIVE 
REPLICATED .0125-ACRE PLOTS. 
Variety-Blakemore 
Treatment 
Check ....................................................................... . 
Green manure .... ___ .. ________ __ . _____________________ . ___ . ___________ _ 
Stable manure (10 tons) ....................................... . 
Stable ma.nure (5 tons) plus 800 lb •. per 
acre of 5-7-7 ....................................................... . 
Differencf" necessary for significance--12.1 quarts 
Planted 1937 
Quarts per plot 
49.4 
50.0 
53.4 
59.1 
Cases per acre 
165 
167 
178 
197 
TABLE 25. RESULTS OF FERTILIZER TESTS ON SIZE OF FRUIT. 
SIZE IN GRAMS PER BERRY. 1936. 
Effect of Phosphorus 
Picking Check 
1 6 .23 
2 5.97 
3 3.56 
4 3 .96 
5 3.41 
Mean difference = 0.638 (Significant) 
Standard error = O. 168 
Effect of 5-7-7 fertilizer 
Picking 
1 
2 
3 
4 
5 
Mean difference = 0 . 860 
Standard errot = 0.484 
Check 
7.71 
7.20 
6.37 
3.79 
3.71 
Phosphorus 
7.23 
6.19 
4 .46 
4.79 
3 .65 
5-7-7 
9.29 
8.48 
5 .35 
5.33 
4 .63 
Variety-Dunlap 
Difference 
1.00 
0.22 
0.90 
0.83 
0.24 
Variety-Blakemore 
Difference 
1.58 
1.2& 
-1.02 
1.54 
0 .92 
It is interesting to note that the treatments were not beneficial 
in maintaining size throughout the picking season. 
The question often arises as to the effect of different fertil-
izers on the time of maturity. Table 26 shows the total yields 
by pickings from several treatments. Applications of 5-7-7 fer-
tilizer in the spring of the fruiting year apparently caus:cd a 
marked retardation in the ripening of the fruit. _Stable manure 
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and fall applications of 5-7-7 also showed a t endency to delay 
maturity. Phosphorus, which in many crops frequently hastens 
maturity, showed little or no effect. Although this evidence 
cannot be declared conclusive, it does emphasize certain trends, 
especially since no other treatments influenced maturity in any 
way. 
DISCUSSION OF FERTILIZER RESULTS 
In view of the fact that the value of fertilizers is measured 
largely by their ability to increase yields, it is clear that in the 
main no advantages were obtained from the use of commercial 
fertilizers in this investigation. In 3 years out of 4, only one 
treatment proved to be beneficial and that was on a planting 
producing its fourth crop. Tests on various varieties in a com-
mercial planting on another area of the same soil type at a 
TABLE 26. FERTILIZER TREATMENTS AS RELATED TO FRUIT RIPENING. 
(A) THE RELATION OF APPLICATIONS OF PHOSPHORUS AND STABLE MAN-
URE TO THE TIME OF FRUIT RIPENING OF DUNLAP. RESUI.TS 
GIVEN AS TOTAL QUARTS PER SET OF REPLICATED 
PLOTS BY PICKINGS. 
1935 1936 
Picking 
Phosphorus Check ManurE' Phosphorus Check Manure 
1 5.5 0.0 1.0 24.5 25.0 12 . 0 
2 15 .5 12.5 S.5 34.5 39.5 20.0 
3 22 . 0 24.5 19 .0 37.0 32.5 30.5 
4 54.5 52.0 46 .5 47 . 0 3S.0 51.0 
5 ' 39.S 4S.0 61.S 53.05 4S.0 41.5 
6 47.2 25.2 40 .2 41.5 35.0 66.0 
7 71.0 61.2 71.S 
S 25.0 13.0 24.5 
9 25.5 33.2 44 . 2 
Totals 306.0 269.6 317.5 23S.0 21S.0 221.0 
(B) THE RELATION OF FALL AND SPRING APPLICATIONS OF A &-7-7 COM-
MERCIAL FERTILIZER TO THE TIME OF FRUIT RIPENING OF 
DUNLAP . RESULTS GIVEN AS TOTAL QUARTS PER SET 
OF REPLICATED PLOTS BY PICKINGS. 
1935 1936 
Picking 
Check Fall 1934 Spring 1935 Check Fall 1935 Spring 1936 
I 18 .5 14.0 10.8 18.0 14 .5 10.2 
2 41.2 37.8 34.0 80.0 73.8 52.8 
3 57 . 2 61. 5 46 . 0 50.0 48 . 0 53 . 5 
4 30. 0 33.5 31.2 41.5 70.0 55.0 
5 37 . 8 39.5 27.8 35.5 41.0 41.0 
6 114.0 121.0 88 .0 
7 26.0 31.8 26.5 
Totals 324.7 339 . 1 264.3 225.0 247.3 212.5 
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TABLE 27. EXPERIMENT VI. 1937 RESULTS. NET PROFITt' FROM VARIOU8 
RATES OF APPLICATION OF COMMERCIAL FERTILiZER 
WHE:-.i APPLIED AFTER A SERIOUS DROUTH. 
Treatment Yield in cases Increase Values of increasel Cost of fertilizer Net profit 
per acre at $1.50 per case and application per acre 
Check 112 
700 lbs. 128 16 $24.00 $14.00 $10.00 
1500 lb •. 148 36 54.00 30.00 24.00 
2000 lb •. 164 52 78.00 38.00 40.00 
higher level of fertility indicate that the results will apply gen-
erally to most varieties and to heavy soil types. This failure of 
fertilizers to increase yields agrees with those obtained by 
Chandler, Latimer and Wentworth, Van Meter, G:r;eve and other 
investigators in the northern states. 
In 1937 some benefit was derived from the use of commer-
cial fertilizers. As previously stated, the severe drouth had 
visibly weakened all of the plantings left for future bearing. 
Until the middle of September, 1936, no new leaves had been 
produced nor had a single runner been formed. With the ad-
vent of fall rains an application of 5-7-7 fertilizer was put on 
all plots where it was specified in the designs. Although no 
new plants were produced, the old plants were greatly 
strengthened as evidenced by the increase in yields the fol-
lowing spring on both new and old plantings. Thus it may be 
reasonable to conclude that after adverse seasonal conditions 
have weakened the plants in one respect or another, it may be 
advisable to supplement the soil nutrients with applications 
of commercial fertilizer. The data obtained show that in 
most cases a fall application will be the most suitable, 
although in extreme cases it may be advisable to put a part 
of the fertilizer on in the spring of the bearing year. In table 
] 6 the summer application of the three application plots was 
not put on because of the dry conditions but was delayed until 
the following spring. Since this treatment produced the high-
est average yield, it indicates the possibility of half applica-
tions in the fall and following spring. It also may be advisable 
to increase the rate of application above 800 pounds per acre. 
In the older plantings, 800 pounds did not give significant re-
sponses, whereas the _higher applications of 1,500 and 2,000 
pounds per acre were significantly superior to the checks. 
The net profit per case as indicated in table 27 is the average 
return to the grower after deducting harvesting and shipping 
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costs as determined from receipts during the 4-year period, 
1935-38, inclusive. The actual net return was probably high-
er in 1937 because the production in both the Montrose district 
and the country as a whole was low as many plantings were 
lost due to .the drouth. The table shows that an increase in 
the rate of application was profitable on old plantings. The 
results from experiment IX show that new plantings (in their 
first bearing year) were benefited by 800 pounds of commer-
cial fertilizer. Whether higher applications in this case would 
have been beneficial is not known. . 
The results of experiment IV in 1938 indicate that spring 
applications of a complete fertilizer in the bearing year may 
help old plantings. The 1935 results, on the other hand, show 
that when the beds are new a spring application was injurious. 
In all years the foliage growth was materially increased by the 
spring supplement, but only in 1938 did this increased vigor 
prove of any value. 
Sometimes with other crops commercial fertilizers are val· 
uable because of their beneficial effects on other qualities. This 
apparently is not the case with strawberries. Vegetative growth 
was stimulated by the spring applications of complete fertil-
izer, but this apparently had little beneficial effect on yields 
except possibly in old plantings. The stronger-growing plants 
were a little more resistant to leaf spot and scorch, but the 
value of this is doubtful considering that these diseases can be 
economically controlled by spraying. Certain treatments re-
tarded maturity of the fruit, but this effect is usually not de-
sirable. No improvement was observed in appearance, flavor 
or shipping quality. In fact, spring applications in the bearing 
year often resulted in softer and more watery fruit, thus mak-
ing the pack more perishable. 
Size was increased in some cases, but the variability was 
often so great that it was impossible to attribute the effects to 
the fertilizer alone. Phosphorus gave a significant sIze re-
sponse in 1 year, but this one case is not sufficient evidence 
on which to base any conclusions. 
Phosphorus also gave a slight indication that it might be 
beneficial to yields. A certain number of Iowa' soils have been 
shown to be somewhat deficient in this element, and many 
crops have given a response to treatments with it. It is not 
unlikely that many of the soils devoted to strawberry culture 
are deficient in phosphorus. From the standpoint of the straw-
berry itself the economical value of phosphorus applications is 
doubtful. However, if other crops used in the rotation, par-
ticularly legumes, respond to phosphate treatments, it may be 
well to use this element one or more times in the rotation. 
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The results with stable manure were more encouraging than 
those with commercial fertilizers (see table 28). Stable ma-
nure increased fruit yields in all four seasons. This was partly 
due to the stimulating effect of manure on runner production. 
Whether or not this would always be advantageous would de-
pend on variety and environmental conditions. For Premier, a 
weak runner maker under Iowa conditions, an increase in run-
ner growth would always be beneficial. With varieties such as 
Dunlap and Blakemore increased stimulation by manure 
might necessitate extra thinning in years of excessive rainfall. 
Applications of manure usually increase the production of 
runners early in the growing season, resulting in the establish-
ment of a normal row in time to develop large-sized plantE 
with the capacity of heavy future production. Under such con· 
ditions thinning should be practiced in order to prevent th( 
late-rooted runners from over-crowding the more desirabl< 
early-set plants. 
Thinning was not practiced in 1935 when the combined ef-
fects of the manure and heavy rainfall greatly stimulated run-
nei production. Had thinning been practiced, the yields of 
the manure plots in 1936, a drouth season, might have been 
higher. The drouth of 1936 materially restricted runner 
growth on all check plots, but in the manured plots there was 
sufficient stimulation to establish a normal row which resulted 
in higher production in 1937. In experiment IX the manurial 
application was originally made in 1936. The effects of this 
treatment are apparent in the yields of 1937 and 1938. In ex-
periment XVI the manure was applied in the spring of 1937. A 
poor set of plants was obtained in this experiment. Even under 
these circumstances the yields from the manure treatments 
were superior to the check plots. 
Stable manure also mildly stimulated vegetative growth in 
the spring of the bearing year. This ordinarily is a beneficial 
effect if not overdone, as in the case with spring applications of 
commercial tertilizers. However, in 1936 the heavier toliage 
on these plots evidently caused a delay in the maturing ot the 
crop. As it happened, later-ripening plots suffered more se-
verely trom drouth with a consequent reduction in yields. 
Conversely in the other seasons, when conditions were more 
tavorable , the season of picking was prolonged and yields were 
increased. 
Unlike commercial tertilizers, manure does more than ad2 
nutrient elements to the soil. The addition ot organic matter 
greatly improves the structure at soil thereby permitting bet-
ter aeration and greater activity ot the mi.cro-organisms. Ap-. 
plications of manure add to the soil large quantities ot micro-
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TABLE 28. COMPOSITE OF THE YIELDS FROM MANURE TREATMENTS, 
SHOWING THE NET INCREASE IN CASES PER ACRE 
AND THE APPROXIMATE VALUE. 
Cases 
I 
Value of incre •. sed yield 
Year Experiment at $1. 50 per case 
Check Manure Increase 
1935 II 199 242 43 $64.50 
1936 II 145 156 11 16.50 
1936 VIII 165 174 9 13 . 50 
1937 IX 89 139 50 75.00 
1938 IX 151 169 18 27 . 00 
1938 XVI 165 178 13 19.50 
organisms and in addition stimulate the activity of those al-
ready present. These combined factors make the soil a better 
medium for plant growth. 
Tests on the time and manner of the application of stable 
manure were not made, but during the course of the investi-
gation some observations were noted. It apparently made 
very little difference whether the manure was plowed under 
or applied after plowing and then disked in. Well-rotted ma-
nure generally gave the best response. One heavy application 
of manure applied before planting should be sufficient if pre-
vious soil management has maintained a fair supply of organic 
matter in the soil. Thus the practice of applying manure is de-
pendent on the fact that if careful soil management is practiced, 
the manure may be applied in almost any manner and at the 
time which is best suited to' the grower's program of work. 
If, on the other hand, the soil is low in humus and fertility, 
one application of manure may produce rather pronounced 
increases in yield the first year, but the effects will probably 
decline rapidly. In this case either the life of the planting may 
be short or additional fertilizer supplements probably will be 
necessary. 
Soybeans when plowed under as green manure, in general. 
did not prove beneficial. This general lack of response may 
have been partly due to the fact that the soil was not at a 
minimum in organic content. It also suggests that other means 
of adding organic matter, such as plowing under crop residues 
and stable manure, might supply sufficient organic matter for 
strawberry culture. However, there is apparently some varia-
tion in response to green manures among varieties as indicated 
by the results from Premier in which the yield was increased, 
and Blakemore in which the yield was lowered. 
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It may be well for the grower to take into consideration the 
variety, as well as the condition of the soil, when the system of 
soil management is being developed. Since green manure gives 
many of the beneficial effects attributed to stable manure, the 
grower should strive to balance these two operations in order 
to maintain the soil in good condition and yet not let either 
item prove too costly. 
It is important to note that seasonal conditions materially 
influence the effect of fertilizer treatments. As in the case of 
the fall of 1936, it may be possible to predict to some extent 
if the fertilizer applications will be profitable, however, in most 
instances such a prediction would be impossible. Even stable 
manure may not always be effective. In some seasons the re-
sponses from it may be profitable, whereas under adverse con-
ditions the returns may not be sufficient to pay for the manure. 
OONOLUSIONS FROM THE FERTILIZER STUDIES 
The results of these experiments indicate that commercial 
fertilizers, except in special instances, cannot profitably bc 
used in strawberry production in southeastern Iowa. In many 
cases, in this investigation, the application of commercial fer-
tilizers tended to reduce yields. However, some type of fertil-
izer supplement may be highly beneficial after extremely ad-
verse seasonal conditions have lowered the vitality of the 
plants. In such cases commercial · fertilizers, due to the ease of 
their application, might be most effective. A complete fertil-
izer closely approximating a 5-7-7- ratio is recommended. The 
common formula of 4-8-8 which is sold by most fertilizer com-
panies is considered very good. 
Stable manure should be applied to all strawberry plantings 
previous to planting. If the soil has been so managed that the 
organic content is fairly high, one application of manure should 
be sufficient for two or three fruiting seasons. If the planta-
tion is carried for a longer period, it might be. advisable to 
supplement the nutrients of the soil with an application of com-
mercial fertilizer in the fall after the third fruiting season. 
Blakemore and Premier, the two main commercial varie-
ties, showed less response to fertilizers and manures than did 
Dunlap. It is therefore necessary for the grower to adjust his 
fertilizing program to the varieties which are being grown. 
GENERAL DISOUSSION 
This investigation has demonstrated that improvements in 
strawberry production are possible. The selection of suitable 
varieties is of primary importance. Some progress has been 
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made through the introduction and use of Blakemore in the 
commercial districts of Iowa. However, there is still much 
room for variety improvement in regard to quality, size and 
yield. 
Extensive tests at Montrose have indicated that this prob-
lem will probably not be solved by the importation of standard 
varieties well adapted to other districts. '1'he low yields and 
poor quality of Klondyke and Aroma at Montrose emphasize 
this fact, althoug'h these varieties in the United States rank 
first and second, respectively, for production. 
Further tests were made with 15 new seedling selections 
from the eastern states, among which were the recently named 
Pathfinder and Northstar, but none as grown at Montrose 
showed superiority over other varieties in use. 
Perhaps the best method of attack is through a local breed-
ing program. The success of plant breeders in other regions 
makes it reasonable to believe that this method should give 
results. The aim of such a program should be to produce new 
varieties with plant resistance to high summer temperatures, 
drouth and foliage diseases. Preference should be given to large-
crowned pla'nts which produce three or more strong, upright 
fruit stalks and a moderate number of runners. A combina-
tion of excellent quality, early ripening, firmness of fruit, large 
size and productiveness would make an ideal berry. A variety 
possessing all of these qualifications might be genetically im-
possible, but it at least represents a logical objective. . 
Some recommendations have been offered in regard to 
spacing of plants in establishing a plantation and in the use of 
manures and commercial fertilizers. Bailey (4) concluded that 
other factors exert more influence on production than fertiliz-
ers. This suggests that other opportunities for improvement 
may exist. These opportunities may be pointed out by a brief 
review of the present practices. 
Strawberries are usually grown after a cultivated crop in 
order to prevent loss from white grub and other insect pests 
commonly found in sod. Plants are set in the spring. Planting . 
distances range from 15 to 20 inches in the row. During the 
growing season little attention is paid to setting or spacing 
of the runner plants. Consequently a thick, matted row is · 
formed. Late in the fall the plants are covered with 2 or 3 tons 
of wheat straw per acre. The following spring the straw is 
raked off and left between the rows to form a mulch. After 
the fruiting season the usual practice is to mow the vines and 
burn over the patch. Sometimes the straw is raked off to be 
used for other purposes. The beds are narrowed down and 
the ground is thoroughly cultivated. This puts the remaining 
plants in condition to produce a new set of runners for the 
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following crop. The beds are maintained in production from 
3 to 6 years depending on the stand. 
Certain weaknesses are immediately apparent. The long 
period of cropping and the practice of removing all plant resi-
dues cause a heavy drain on the organic content of soils. Main-
taining the supply of available nutrients also required special 
consideration. The results of this investigation and of personal 
observations suggest, for long-time enterprises, the advisa-
bility of adapting the Iowa Program of Soil Management to 
strawberry production. The five principles involved in this 
program are: 
(a) Proper drainage and cultivation 
(b) Rotations involving the use of legumes 
(c) Maintaining the supply of organic matter 
(d) Correction of acidity by liming 
( e ) Use of phosphate fertilizers 
The importance of the first principle is already realized by 
most growers. The drainage problem is usually solved by se-
lecting only well-drained sites and by following proper cult i·· 
vation practices. Rotating strawberries with other farm cropR 
will give the grower opportunity to build up the organic con-
tent and nutrient supply of the soil. The use of inoculated 
legumes in the rotation and plowing them under _ as a green 
manure crop will add nitrogen. One or two cultivated crops 
should follow the legume to mix the organic matter with the 
soil and to destroy weeds. The organic content can be main-
tained by the green manure involved in the rotation and by the 
applications of farm manures. The manures will in addition 
furnish a steadily available supply of nutrients. Liming would 
be necessary maifJ.ly to insure growth of the legume crops, but 
if the soil is extremely acid the strawberries too may receive 
a direct benefit from the lime. The status of phosphorus, as 
previously brought out, in regard to strawberries is still prob-
lematical. Possibly a sufficient supply will be furnished by 
the manures. However, its use on the other crops in the rota-
tion will undoubtedly be profitable. 
It is evident that such a soil management program would be 
possible only as a long-time enterprise. Short-time projects 
will necessarily require more or less modifications to fit the 
conditions. In either case growers who desire to improve their 
strawberry production should study their set-up with these 
principles in mind and then work out a program that is eco-
nomically sound. 
The modified matted row method has been suggested to re-
place the matted row system of culture. Many growers have 
already adopted this method. With this type of spacing, a 
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change can be made in the procedure after renovation of the 
patch following harvest. In place of narrowing the row down 
to a few plants and then depending on the formation of new 
runners, it is suggested that the plants rooted during the first 
growing season be kept during the entire life of the planting. 
Old plants potentially have as great a production capacity 
as runner plants as shown in table 13. The majority of run-
ners formed after renovation rarely root before late August, 
and much rooting takes place in September which is rather 
late for the production of large, fruitful plants. During dry 
summers few, if any, runners are produced after renovation, 
therefore leaving an insufficient number of plants for good 
yields. 
Furthermore, it is believed that strawberry patches will be 
more profitably managed if the plantings are not cropped for 
more than two, or possibly three, harvest seasons. The experi-
ments at Montrose showed that plants were capable of pro-
ducing good yields for this length of time. The procedure then 
would be to obtain a row of well-spaced plants during the first 
growing season. After the first harvest the foliage should be 
mowed and, along with the straw mulch, should be removed 
from the patch as usual. Under ' this system the established 
row is not cut down so as to leave the older plants for future 
fruiting. Subsequent cultivation is given with cultivators and 
hand hoes. New runners are prevented from setting except 
where they are necessary to fill in vacant places in the row. 
The seasonal conditions of 1936 disclosed a disadvantage in 
the common practice of burning over the fields or removing 
the mulch as soon as the fruiting season is over. The plant-
ings, where this was done, practically all died out. Death of 
the plants resulted mainly from exposure to the hot sun and 
drying winds. A better practice for drouth years is suggested 
by the experience of one grower. He, believing that the plant-
ing was beyond saving, did not remove the mulch and allowed 
the patch to grow up to weeds. After new growth was started 
by fall rains, he cleaned up his patch and found there were 
sufficient plants to produce a crop for the following year. 
Therefore, it may be practical during a drouth or extremely 
hot period to forego renovation operations until sufficient rain 
has fallen to insure prompt new growth. 
Another suggestion concerns the method of applying .straw. 
Ordinarily the straw is taken from the stacks and unloaded 
directly on the beds. Wheat straw often contains much loose 
grain and many weed seeds which in this method of application 
arc p,cattered over the field to become potential sources of weed 
infestation. If, instead, during the summer when the straw is 
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still dry and loose, it is hauled and spread out in long piles 
near the patch, a large share of the grain and weed seeds will 
be shaken out by this extra handling. This same procedure, 
by allowing greater exposure of the straw to moisture, pro-
motes fall germination of the grain left in the heads. Some of 
these sprouting grains will be killed during the winter freezes. 
If for some reason this practice cannot be followed, the use of 
old instead of new straw will usually be more satisfactory. 
Other defects in the cultural routine have been recognized, 
but further investigation will be necessary to develop new prac-
tices to correct or replace old establishd operations. 
CONCLUSIONS 
1. This investigation was initiated to determine what 
methods might be used to improve strawberry culture in south-
eastern Iowa. Variety, cultural and fertilizer tests were con-
ducted over a period of 5 years. 
2. Of the 45 standard varieties and a number of new seed-
ling selections which were tested for their adaptation to this 
district, the most satisfactory sorts for commercial use were 
Blakemore and Premier. Varieties recommended for local or 
home use include Beaver and Narcissa for early maturity and 
Catskill, Dorsett and Dunlap as midseason sorts. If late varie-
ties are desired, Fairfax and Big Late may be tried. Rockhill 
26 (Wayzata) and Gem are conside.red satisfactory everbearing 
varieties. In general, early varieties, as a class, are the most 
prolific yielders and are best suited to the conditions of south-
eastern Iowa. 
3. The results of this investigation emphasize the fact that 
strawberry varieties are quite sensitive to local environmental 
conditions. Certain varieites which have the reputation of 
high production in other sections were practically worthless 
under the soil and climatic conditions of the Montrose district. 
Perhaps the best method of attack on the problem of securing 
superior varieties would be through a local breeding program. 
The aim of such a program should be to produce high-quality, 
heavy-producing varieties with plant resistance to high sum-
mer temperatures, drouth and foliage troubles. 
4. Stable manure was the only fertilizing material which in-
creased yields consistently. 
5. Commercial fertilizers were not beneficial except after 
one season of abnormal climatic conditions. In certain cases 
they were distinctly injurious. 
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6. Phosphorus applications in one season increased size and 
also yields to some extent. 
7. The use of the modified matted row type of culture is 
probably advisable. After a satisfactory row is established, 
the same plants should. be maintained for the duration of the 
planting. 
8. The Iowa soil manageJ)J.ent system should be adapted to 
strawberry culture for the purpose of building up and main-
taining the fertility of soils used for strawberries. Involved 
in this program are: 
(a) Proper drainage and cultivation 
(b) Rotations involving the use of legumes 
(c) Maintenance of the supply of organic matter 
(d) Correction of acidity by liming 
(e) Use of phosphate fertilizers 
9. The prevailing practice for the renovation of strawberry 
plantations by removing the mulch and then mowing and burn-
ing the foliage litter resulted in the death of many plantations 
during the drouth seasons of 1934 and 1936. Death of the 
plants resulted mainly from exposure to the hot sun and dry· 
ing winds. When drouth conditions prevail during and after 
the harvest season, it is advisable to forego renovation prac-
tices until sufficient rain has fallen to insure prompt new 
growth. 
10. Many strawberry plantations are unproductive and 
short-lived due to excessive weed growth. The straw used in 
mulching is largely responsible for the weed infestation. 
Wheat straw, which is the best mulching material, contains 
much loose grain and many weed seeds. It is the common 
practice to take the straw from the stack and unload it directly 
on the beds. Very effective weed control may be accomplished 
if during the summer when the straw is still dry and loose it is 
hauled and spread out in long, low -piles near the strawberry 
patch. By so doing, a large part of the grain and weed seeds 
will be shaken out in this extra handling. This same proced-
ure, by allowing greater exposure of the straw to moisture, pro-
motes fall germination of the grain left in the heads. Most of 
these sprouting grains will be killed during the winter freezes. 
If for some reason this practice cannot be followed, the use of 
old instead of new straw will usually be more satisfactory. 
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